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1  *  Introduction 

From  the  earliest  times,  man  could  dye  brilliant  and  fast 
reds  with  Kermes,  Cochineal  or  Madder  together  with  aluminium 
mordants.  These  dyestuffs  were  used  very  frequently;  redwoods 
and  archil  were  also  used  but  these  dyes  are  not  so  fast  to 
light  (11).  . 

Kermes  and  Cochineal  are  both  extracts  from  insects  of  the 
coccus  family  and  chemical  constitutions  resemble  each  other. 
However  the  geographic  distribution  of  the  two  insects  and 
that  of  the  dyes  is  very  different.  Kermes  orginates  in 
Southern  Europe,  the  Levant  and  the  near  East  (3),  Cochineal 
in  South  America  and  Mexico. 

Before  the  discovery  of  America  in  1^92,  only  Kermes  was 
known  in  Europe,  together  with  Madder  and  Brasilwood. 

It  would  seem  from  the  literature  that  already  fifty  years 
after  the  introduction  of  Cochineal,  Kermes  was  superseded 
on  the  European  market  and  hardly  used  any  more  (2,3,6,10). 
The  presence  of  Kermes  or  Cochineal  in  a  textile  object  could 
therefore  in  principle  provide  a  date  quess  given  for  that 
object.  It  was  thought  however  that  additional  proof  was 
■required  to  confirm  the  assertion  that  Kermes  disappeared 
so  quickly  after  1^92. 

It  was  therefore  decided  to  identify  the  red-dyestuffs  in  a 
great  number  of  samples  from  well-dated  textile  materials  in 
a  period  including  the  date  of  discovery  of  America. 

The  analytical  method  used,  allowed  the  identification  of 
other  red-dyestuffs  then  Kermes;  it  wàs  therefore  attempted 
to  obtain  some  information  on  the  occurrence  of  red-dyestuffs 
over  the  period  IU50  -  l600  and  their  geographic  location. 
Although  some  250  samples  were  analyzed  no  statistical  value 
is  claimed  for  the  results,  because  some  important  factors 
are  unknown  e.g.  the  original  population  and  the  present 
population. 

2  Method  of  .Analysis  (  1C) 

Thin  layer  chromatography  (lU.l8)  was  chosen  to  analyse 
dyestuffs  on  textile  material.  This  method  was  found 
preferable  to  e.g.  infrared  spectrophotometry. 


Reason  her ef ore  are  as  follows;  on  a  research  like  this  for 
which  ore  has  to  work  up  a  great  number  of  samples  it  is 
necessary  to  keep  the  procedure  of  sample-preparation  simple 
in  the  first  place.  By  means  of  standard  reference  materials 
it  should  he  possible  to  identify  dyestuffs  rapidly.  In  this 
case  T.L.C.  does  meet  these  requirements  entirely. 

Sample  preparation  is  very  simple  and  the  solvent- system  foi 
dyestuffs  already  was  known  by  previous  researches  ( 1 0 , 1 U ) . 

’  Eventually  present  impurities  do  not  do  any  harm  to  the  thin 
layer  chromatograms.  Sample-preparation  for  infrared 
spectrometry  is  much  more  complicated  and  the  spectrum  io 
very  much  disturbed  by  impurities  present.  With  these  old 
samples  one  very  often  could  speak  of  mixtures  and  other 
additions  that  could  disturb  the  spectrum.  In  this  respect 
one  does  not  have  any  trouble  with  chromatography. 

With  the  red-dyestuffs  however  the  chemical  composition  does 
show  a  great  similarity,  e.g.  Madder,  Cochineal  and  Kermes 
all  belong  to  the  anthracene-group;  still  they  are  very  well 
to  be  seuarated  by  means  of  thin  layer  chromatography. 

2. 1  Sampling 

In  a  previous  research  it  appeared  that  one  jus^  needed  a 
small  thread  of  0,5  cm  or  even  less  to  analyse  the  dyestuff 
by  means  of  thin  layer  chromatography. 

In  many  cases  one  can  take  away  such  a  thread  from, the  back 
of  the  textile.  Especially  on  carpets  this  does  not  give  any 
trouble,  for  on  the  back  often  casted  off  fibres  do  occur,  thus 
no  damage  can  be  done  to  the  object.  There  is  no  objection 
whatsoever  to  take  such  a  kind  of  sample  from  flat  textiles 
and  embroideries;  there  will  be  done  no  damage  to  the  textile 
object.  The  sample  can  be  taken  away  very  easily  with  a  pair 
of  small  scissors  or  a  small  knife 

On  the  request  of  the  authors,  to  send  well-dated  small 
samples  of  textiles  from  their  collection,  a  great  number  of 
European  museums  and  institutes  were  so  kind  as  uo  i  eact 
positively.  With  some  exceptions  samples  were  taken  by  the 
owners  or  curators  of  their  own  collection. 
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The  authors  are  very  grateful  for  the  cooperation  given  to 
them  on  obtaining  the  samples  for  their  research.  Without 
this  cooperation  research  could  not  have  been  effected. 


Deutsches  Tapeten  Museum,  Kassel  Herr  Josef  Leisz 
Erzbischöfliches  Diözesan  Museum,  Köln  Dr  W.  Schulten 
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Oesterreichisches  Museum  für  Angewandte  Kunst,  Wien 
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E.F.L.  Anne  Marie  Franzên 

Museum  of  Fine  Arts,  Boston,  Mrs.  Edward  L.B.  Terrace 
Metropolitan  Museum  of  Art,  New  York  City,  Jean  Maily 
Kunst indu st rimuseum  -  i  -  Oslo,  Oslo  Miss  Elsa  Tharaldsen 
Muzeum  Nardowe,  Warsaw,  Mrs.  M.  Markiewicz 

Muzej  zu  Umjetnost  i  Obrt ,  Zagreb,  Mrs« Vanda  Pavelic-Weinert 

Conservation  of  Textiles,  London,  Mrs.  Karen  Finch 

Museo  Textil  Barcelona,  Barcelona,  Mrs.  Pilar  Tornas 

Musée  Historique  des  Tissus,  Lyon,  R.  de  Micheaux 

Sopnnt  enden  za  alle  Gallerie,  Firenze,  Prof  Alfredo  Clignon 

Musea  Nacional  de  Arte  Antiga,  Lisbon,  M.J.  de  Mendonça 


2 . 2  Analytical  Procedure 

About  5  mg  of  the  sample  is  required  for  the  analysis. 

The  sample  is  boiled  a  few  minutes  with  10#  hydrochloric  acid. 
Because  almost  all  red-dyestuffs  are  mordant-dyestuffs  and 
are  present  on  the  fibre  bound  to  aluminium  or  tin  oxide,  it 
is  necessary  to  hydrolyze  this  composition,  otherwise  the 
dyestuff  will  remain  on  the  fibre  and  will  be  insoluble. 


—  H  — 


After  hydrolysis  the  fibre  is  moved  together  with  the 
hydrochloric  acid  to  a  micro  extraction  apparatus  with  a 
total  volume  of  2  ml-  The  apparatus  has  been  constructed 
according  to  the  authors  design  (fig.  15)*  With  2  ml 
methylalcohol  the  hydrolyzed  sample  is  extracted  during  one 
hour  in  the  abovementioned  apparatus.  The  extract  will  be 
concentrated  to  about  1  ml  after  the  extraction,  and  this 
solution  in  which  the  dyestuff  is  present,  is  used  for  the 
analysis. 

For  the  thin  layer  chromatography  acetylated  cellulose  is 
used  as  carrier  material. 

Ready  to  hand  plates  from  Messrs  Macher ey  &  Nagel:  type 
Cel  300  AC  1 0  are  used.  The  plates  are  pre-washed  once 
with  the  eluent' concerned ,  this  to  remove  all  impurities 
that  might  occur  on  the  plates.  The  eluent  that  is  used, 
is  according  to  Stahl  ( 1 8 ) : /Tetrahydrofurane/Ethylacetate/ 
Water/35: 6: Up/. 

All  chemicals  have  to  be  of  the  highest  purity,  to  prevent 
side  reaction.  A  so  called  Pasteur  capilary  is  -used  to 
apply  the  extracted  dyestuff  solution  to  the  plate.  Its  tip 
is  more  specially  pulled  out  to  a  very  small  tip,  with  an 
internal  diameter  of  about  100  micron,  so  that  lui  can  be 
brought  on  the  plate.  After  elution  the  arisen  "spots"  are 
sprayed  with  a  0,5  normal  solution  of  K0H,  observed  and 
identified  in  ultra-violet  light  with  a  wavelength  of  350  mu. 
Immediately  Polaroid  positive  colour  pictures  are  made  with  a 
Polaroid  technical  camera  MP^.  A  type  R0  orange  filter  is  uäed. 

2 . 3  Standards 

For  identification  a  number  of  Standardmaterials  Is  used  which 
run  simultaneously  with  the  unknown  samples  on  each  plate. 

These  are: 

Madder  :from  Rubia  tinctoria 

Kermes  :from  Coccus  ilicis  L. prepared  by 

Prof  0.  Dimroth 

Polish  Cochineal  :from  Magarodes  polonicus:by  the 

courtesy  of  Mr.  D.K.  Abrahams. 
Dexter  Chemical  Corporation 

Cochineal  :  from  Coccus  cacti  L.  Doerner 

Institute  Munich 
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Brasilwood 


from  Caesalpinia  sappan:  by  the 
courtesy  of  the  Royal  Tropical 
Institute,  Amsterdam 

Rotholzlack,  Doerner  Institute,  Munich 
from  Coccus  lacea 
from  Pterocarpus  santal inus  L. 
from  Rhus  coriaria  L. 


Redwood 


Lackdye 

Red  Sandalwood 


Sumach 


3.  Origin  of  the  most  frequently  used  red-dyestuffs 
3. 1  Madder  ( 17) 

Madder  is  one  of  the  oldest  and  most  frequently  used  red- 
dyestuffs  in  Europe.  From  ancient  times  it  has  been  mentioned 
in  descriptions^  of  daily  life  in  the  ancient  world  and  quoted 
in  many  other  documents  (Pliny,  Herodote). 

Maddervvas  known  in  Persia,  Arabia  and  Mesopotamia.  Recipes  for 
dyeing  with  Madder  can  be  found  in  the  Papyrus  Greacus 
Holmiensis . 

Madder  was  obtained  from  the  roots  of  the  Rubia  tinctoria  L; 
this  plant  is  indigenous  in  Syria,  Palestine  and  Egypt.  Also 
used  was  the  Rubia  peregrina,  a  plant  from  Persian  origin, 
which  was  introduced  into  Spain  by  the  Arabs. 

Madder  was  cultivated  for  textile  dyeing  from  early  times  in 
the  neighbourhood  of  Ravenna  and  Caria. 

In  the  seventh  Century  A. D.  it  was  cultivated  at  Saint  Denis 
near  Paris.  Later  in  the  1 4th  Century,  the  quality  of  Madder 
came  from  Holland,  on  the  islands  of  Zealand,  where  large,  crops 
were  grown.  After  the  regulations  of  Colbert  in  1 669  the 
cultivation  of  Madder  in  France  also  became  famous,  particularly 
in  Avignon.  In  the  19"th  Century,  some  time  before  the  discovery 
of  the  first  synthetic  dyestuff  (Mauvèïn,  1862,  by  Perkin) 
there  were  many  places  all  over  the  world,  where  Madder  was 
cultivated. 

In  Holland  the  cultivation  of  Madder  was  bound  by  curious  rules; 
the  time  of  dibbling  was  strictly  fixed,  and  so  was  the 
harvesting.  There  were  various  qualities  of  Madder  on  the 
market,  more  or  less  finely  sifted.  The  quality  of  the  oriental 
Madder  is  much  better  than  that  of  the  European  variety,  owing 
to  the  larger  percentage  of  real  dyestuff  in  the  roots  of  the 
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former  plant. 

Madder  gives  a  fast  colour  only  when  the  yarns  or  cloth 
have  been  mordanted  before  dyeing,  with  one  of  several  salts 
of  metals.  Alum  principally  was  used  and  in  early  times  almost 
exclusively;  however  iron  salts  also  have  been  used.  In  the 
17th  Century  the  mordanting  after  -Drebbel  with  Tin-salts  was 
used  (6). 

The  roots  of  the  Rubia  tinctoria  L.  contain  various  glucosides 
of  Alizarine  and  Purpurin. 

The  glucosides  are  hydrolyzed  during  the  dyeing  procedure.  The 
colouring  matters  are  Alizarin  and  Purpurin.  Purpurin  is 
inferior  to  Alizarin  and  a  dyed  textile  of  good  quality  will 
have  a  low  content  of  Purpurin. 

The  chemical  composition  is:  (1,12,13). 


Alizarin, 


o 


Purpurin,  C^HqO^ 


3 . 2  Kermes  (  3 , 5  >  1  0  ) 

The  discovery  of  scarlet  dyeing  with  Kermes  can  be  attributed 
with  great  certainty  to  the  Phoenicians  (3),  who  had 
practised  purple  dyeing  from  antiquity  and  had  a  good  knowledge 
of  the  techniques  of  dyeing.  The  earlier  Greeks  also  considérée 
the  Phoenicians  the  most  important  dyers  of  Kermes.  It  is 
mentioned  by  Pliny  and  Herodote  (1.3). 

Kermes  was  an  expensive  dyestuff  and  therefore  it  was  only 
used  to  dye  high  quality  textiles,  particularly  silk. 
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Pliny  named  as  the  principal  countries  of  origin:  Africa, 

Asia  minor,  Greece  and  Spain. 

From  Spain  dyeing  by  means  of  Kermes  spread  all  over  Europe. 

The  dyestuff  is  extracted  from  the  dried  bodies  of  the  females 
of  the  insect  Coccus  ilicis,  living  on  the  Kermes  oak.  Quer cus 
coccifera.  They  are  found  adhering  to  the  twigs  of  the  tree, 
resembling  bluish  and  covered  with  whitish  powder. 

The  insects  (or  different  kind  of  Coccus)  are  also  found  on  a 
sort  of  grass,  in  the  Valley  of  Ararat,  mentioned  as  early  as 
71^  B.C.  (5)*  The  insects  are  collected  as  soon  as  their  eggs 
are  on  the  point  of  hatching,  killed  by  exposure  to  steam  cr 
hot  vinegar  and  dried.  The  product  then  has  the  appearance  of 
pale  reddish  brown  grains. 

Like  Madder,  Kermes  is  a  mordant  dyestuff;  wool  or  silk  had 
to  be  prepared  before  dyeing  with  a  solution  of  metal  salt, 
mostly  alum.  After  this  preparation  the  real  dyebath  was  made, 
consisting  of  Kermes,  Winestone,  arsenic  and  edible  mushroom 
(15)-  The  latter  was  used  for  its  large  tannin  content  and 
for  causing  fermentation.  The  colouring  matter  of  Kermes  is 
Kermesic  acid,  which  exists  in  Kermes  in  the  form  of  a  salt 
(5-12.13). 

Also  present  in  a  small  quantity  (0,06$)  is  flavo-kermesic  acid. 


Kermesic  acid,  C„0H  (3 

5  18  12  9 


COCHj 

on 


3 • 3  Polish  Cochineal 

In  the  Middle  and  Eastern  Europe  there  was  a  different  variety 
of  Kermes,  the  so  called  Polish  Cochineal  or  Saint  John's  grains 
prepared  from  the  bodies  of  the  females  of  Magarodes  polonicus  L 
This  scale  insect  lives  on  the  roots  of  the  Scleranthus  porennis 
which  is  native  in  the  sandy  areas  of  East  Europe.  Poland, 
Lithuania  and  the  Ukraine  especially  were  rich  in  this  variety, 
but  it  is  also  indigenous  in  Germany.  The  insect  is  slightly 
smaller  than  the  Kermes  insect. 


Besides  this  kind  of  Coccus  there  were  two  kinds  of  scale 
insects  in  Russia  which  were  gathered  for  dyeing  red,  viz. 
the  Coccus  fragariae  and  the  Coccus  uveaursi,  which  lives 
on  the  barberry  and  the  strawberry.  In  Armenia  the  scale 
insect  Porphyr ophora— Hainlie  was  used  for  this  purpose. 
The  dyeing  method  for  Polish  Cochineal  is  the  same  as  for 
Kermes. 

It  is  said  that  the  chemical  constitution  of  Polish 
Cochineal  is  the  same  as  Cochineal  (4),  but  in  fact  it  is 
a  mixture  of  carminic  acid  and  Kermesic  acid. 

n  ,  IRC  ?  OH  HjC  ° 

Carminic  acid  /'\/\/\;C0(CH0H)<CH3  Kermesic  acid  /X/' 

3I0\/\y\/0H  HO 


on 


-HO  OC  ¿  OH 


\/ 
HO  00 


\COCH, 
JO  1 1 


Cochineal  (1*,6,10) 

Although  it  is  supposed  that  Cochineal  was  unknown  till  the 
discovery  of  America  by  the  Spaniards,  it  is  said  that  a  certain 
kind  of  Cochineal  had  been  mentioned  already  by  the  Assyrians 
as  coming  from  the  Ararat  Valley.  However,  this  was  not  a  kind  of 
Cochineal  but  a  kind  of  Kermes.  The  dyestuff  is  -  just  like  Kermes  - 
of  animal  origin  and  is  obtained  from  the  female  beetles  of  the 
Coccus  cacti  L.  ,  which  are  found  on  different  varieties  of  cacti, 
among  them  the  Opunta  coccinellif era  Mill:  the  Country  of  origin 
is  Mexico.  In  Europe  Cochineal  was  imported  very  shortly  after 
the  discovery  of  Mexico,  for  the  first  time  in  1 5 1 8  and  already 
in  I523  the  Spanish  King  inquired  about  the  culture  of  Cochineal. 

In  15^0  Cochineal  was  already  an  article  of  commerce  in  Antwerp. 
After  1585  it  was  mentioned  more  than  once  in  the  dyers  handbooks 
in  Amsterdam  and  Leyden  (9).  Among  Cochineal  there  are  two  grades 
on  the  market,  the  cultivated  variety  or  Mesteck  Cochineal  and 
a  wild  variety,  the  Grana  silvestra.  The  first  mentioned  variety 
is  twice  as  large  as  the  second  and  yields  more  dyestuff.  Two 
shades  of  red  are  obtained  upon  wool  and  silk  with  Cochineal, 
namely  Crimson,  which  is  produced  by  means  of  Alum,  and  after  Drebbe! 


discovery  of  the  tin  mordant,  a  scarlet  with  stannic  salts  (6) 
The  colouring  matter  in  Cochineal  is  Carminic  acid. 


Carminic  acid. 


C22H20°13 


(1), 


KOOC  ¿  OH 


3-5  Redwoods  ( 1 0 , 1 6 ) 

Redwoods  can  be  divided  into  two  groups 
the  insoluble  Redwoods. 


viz  the  soluble  and 


The  frequently  used  Redwoods  are  the  soluble  Redwoods  and 
among  these,  Brasilwood  is  the  most  frequently  used  dyestuff. 


Brasilwood 

Long  before  the  discovery  of  South  America,  Brasilwood  was 
already  known  in  Europe  being  imported  from  Eastern  Asia 
along  the  well  known  Silk-route. 

About  II90  a  opaniard  named  Kimichi  wrote  about  dyewoods 
called  Bi esil  or  Brasil  (  l6) .  Also  in  old  German  recipes 
Brasil  (Preiselig)  was  mentioned  in  the  10th  Century. 

At  the  same  time  of  Marco  Polo  (1271-1290)  Brasilwood  from 
Ceylon  became  known.  Afterwards,  about  1350,  the  Redwoods 
from  Java  and  the  surrounding  islands  became  known  under 
different  names.  In  the  dyers’  handbooks  of  the  Middle 
Ages  Brasilwood  was  named  besides  Madder  as  a  frequently 
used  dyestuff  (8,15).  Brasilwood  was  imported  in  the  form  of 
l&Fgs  blocks ,  these  blocks  had  to  be  rasped  into  smaller 
pieces  for  two  reasons;  in  the  first  place,  the  dyestuff  which 
was  present  as  brassillin  had  to  be  oxidized  into  Brasilein 
by  oxygen  in  the  air  and  in  the  second  place,  the  developed 
Brasilein  had  to  be  extracted  with  water  from  the  wood. 


Brasilwood  also  is  a  mordant  dyestuff,  the  mordant  most 
used  was  Alum,  later  Sumach,  Tin  and  Irc-nsalts  were  also 
used. 

The  colouring  matter  of  Braselwood  is: 


W~ 


Brasilein,  C^H^O  (1,12,13) 


Under  the  name  of  Brasilwood  certain  varieties  of  the  so  called 
" soluble"  redwoods  are  known.  These  soluble  redwoods  give  a 
bright  red  shade,  which  in  each  case  is  derived  from  one  and 
the  same  colouring  matter.  All  are  botanically  allied  in  that 
they  are  extracted  from  the  wood  of  various  species  of 
Caesalpinia.  About  nine  varieties  have  been  employed  as  dyestuffs, 
of  which  the  following  are  the  best  known. 

Fernambuco  or  Pernambuco  wood  is  considered  to  be  the  richest 
in  colouring  matter.  It  is  extracted  from  the  Caesalpinia  crista, 
a  tree  which  is  abundant  in  Jamaica  and  Brasil. 

The  true  Brasilwood  is  derived  from  the  Caesalpinia  brasiliensis, 
and  is  said  to  contain  only-half  the  colouring  matter  which  is 
present  in  Fernambuco  wood. 

Sappanwood  is  obtained  from  the  Caesalpinia  sappan,  a  tree  which 
is  common  to  the  warmer  regions  of  Asia.  The  so  called  Limawood 
is  a  variety  of  Sappan,  and  the  dyewood  imported  from  the 
Philippine  Islands  gives  an  inferior  quality  of  dyestuff. 

Peachwood  is  the  product  of  the  Caesalpinia  echinta,  which 
occurs  in  the  Central  America  and  the  Northern  parts  of  South 
America.  These  woods,  which  are  very  hard,  and  of  deep  red 
colour ,  come  into  the  market  in  the  form  of  billets  varying 
in  weight. 

Some  varieties  of  the  abovementioned  woods,  were  employed  for 
dyeing  purposes  long  before  the  discovery  of  America.  Although 
it  is  said  that  the  chemical  onstitution  of  the  redwoods  is  the 
same,  in  analysis  the  various  redwoods'  they  give  different 
results.  For  example  Caesalpinia  sappan,  which  has  been  used 
in  Europe  long  before  the  discovery  of  America,  is  different 
from  Caesalpinia  brasiliensis.  At  the  moment  it  is  not  clear 
what  the  cause  of  these  differences  could  be,  however,  the 
dyeing  properties  of  the  redwoods  are  the  seme. 
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Sample 

Collection 
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:  Description 

I 

!  Material 

! 

Da 

number 

!  of  the  object 

6  1) 

Gewerbe  Museum,  Basel 

Í 

Silk  velvet 

Silk 

at 

Department  Historisches 
Museum/  1 9  07 / 1 1 U 

7 

Gewerbe  Museum,  Basel 

Broc at elle 

Silk 

1 6 

Department  Historisches 
Museum/  1907/ 105 

8 

Gewerbe  Museum,  Basel 

Silk  weave 

1907/125 

Silk 

En 

9 

Gewerbe  Museum,  Basel 

Silk  damask  1907/93 

Silk 

13 

10 

Gewerbe  Museum,  Basel 

1 

Linen  embroidery 

1967/st.  25 

Silk 

16 

11 

Gewerbe  Museum,  Basel 

Linen  embroidery  1967/st 37 

Silk 

En< 

12 

Gewerbe  Museum,  Basel 

Linen  embroidery 

Silk 

1  S' 

2) 

13  a  ' 

Gewerbe  Museum,  Basel 

I897/216  b. 

Embroide  strips 
of  vestment  1967/st.  57  a 

Silk 

I61 

abc 

1 

1967/st.  57  b 

Silk 

abc 

11* 

Gewerbe  Museum,  Basel 

Linen  embroidery 

1967/51  chasuble 

Silk 

l6t 

15 

Gewerbe  Museum,  Basel 

Linen  embroidery 

1967/st.  chasuble 

Silk 

iLt 

1 6 

Gewerbe  Museum,  Basel 

Embroidery 

cushion-cover 

Silk 

Enc 

17 

Gewerbe  Museum,  Basel 

Embroidery 

Silk 

16t 

cushion-cover  1967/st.  1+2 

I7t 

18 

Gewerbe  Museum,  Basel 

Embroidery  1967/st.  1+0 

Silk 

end 

19 

Gewerbe  Museum,  Basel 

Embroidery  1967/st.  36 

Silk 

1  6t 

20 

Gewerbe  Museum,  Basel 

Embroidery  1967/st.  33 

Silk 

1  6t 

21 

Gewerbe  Museum,  Basel 

Damask  1923/8 

Silk 

16t 

22 

Gewerbe  Museum,  Basel 

Silk  velvet 
pile/1966/31 

Silk 

ll+6 

23 

Gewerbe  Museum,  Basel 

Damask  1926/26 

Silk 

16/ 

-11- 


j 

i 


■ 

1 

; 

Mat erial 

Date 

Origin 

Result 

he  s 

Silk 

about  1600 

Italy? 

Kermes 

; 

<  i 

Silk 

l6th.  century 

Switzerland 

Cochineal 

nés 

;  I 

Silk 

End  of  the  l6th.  century 

;  Italy 

I 

, Brazil  1 

;  1 

Silk 

13/l^th.  century 

i 

;  Italy 

i 

Madder  +  _  ! 

Brazil?  1 

I  Silk 

16/ 17th.  century 

;  Switzerland 

i 

Cochineal 

T/st3T 

Silk 

End  of  the  16th.  century 

Italy 

Cochineal 

Silk 

1st.  half  of  the 

16th.  century 

Italy 

Kermes 

! 

i 

57  a 

Silk 

about  1560 

Italy 

Cochineal  ¡ 

5V  ’ 

Silk 

about  156c 

Italy 

Cochineal 

Silk 

l6th.  century 

Italy  or  France 

Cochineal 

Silk 

lUth.  century 

Central  Europe 

Kermes 

Silk 

End  of  the  l6th.  century 

Italy 

Cochineal 

t.  U2 

Silk 

1 6th. /begin 

17th.  century 

Italy 

Cochineal+ 

Kermes 

Uo 

Silk 

end  l6th.  century 

Italy 

Cochineal 

36 

Silk 

16th.  century 

Italy 

Sapan-wood 

33 

Silk 

l6th.  century 

Italy 

Polish 
Cochineal+ 
a  trace  kermes 

Silk 

16th.  century 

Italy 

Polish 
Cochineal+ 
a  trace  kermes 

Silk 

1U6O? 

Central  Europe 

i 

Cochineal 

¡ 

1 

Silk 

16/ 17t'n.  century 

Italy 

i 

1 

'  Polish 
Cocnineal+ 
j  Kermes 

i 
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Collection 


Gewerbe 

Museum, 

Basel 

*  Gewerbe 

Museum, 

Basel 

i 

j  Gewerbe 

Museum, 

Basel 

Gewerbe 

Museum, 

Basel 

Gewerbe 

Museum, 

Basel 

: 

?  Gewerbe 

Museum, 

Basel 

! 

!  Gewerbe 

1 

j 

Museum, 

Basel 

1  Gewerbe 

Museum, 

Basel 

;  Gewerbe 

j 

Museum , 

Basel 

1 

1  Gewerbe 

Museum, 

Basel 

•  Gewerbe 

Museum , 

Basel 

Gewerbe 

Museum , 

Basel 

Gewerbe 

i 

Museum, 

Basel 

■  Gewerbe 

Museum, 

Basel 

i  Gewerbe 

i 

j 

Museum, 

Basel 

! 

Gewerbe 

Museum, 

Basel 

Gewerbe 

j 

Museum, 

Basel 

Gewerbe 

Museum, 

Basel 

Gewerbe 

Museum, 

Basel 

Gewerbe 

Museum , 

Basel 

Gewerbe 

1 

i 

1 

_L _ 

Museum , 

Basel 

Description 
of  the  object 

i 

Embroidery  1967/st.  Vf 
Embroidery  1967/st.  50  j 

i 

i 

! 

Silk  damask  1 966/7  j 

j 

Velvet  1966/33a-c 
Brocade  1 933/ 8U 
Weave  1933/96c 

i 

Florentine  string 
1933/59  ; 

Brocade  4  colouring 
1933/95 

Brocade  4  colouring  ; 

1933/92 
Weave  1933/91 

Half silk  weave  1933/86 

Brocade  1933/9*+ 

Half  silk  1933/99  f,g,l 
Half  silk  brocade  1933/85 
Half  silk  1933/99a-d 
Half  silk  1933/98a 
Half  silk  1 933/ 97a 
Half  silk  1933797b 
Brocade  1933/90 

Half  silk  1933/98 
Half  silk  weave  1933/87 
Weave  1933./83a,b 
Damask  1929/28 
Florentine  boord  1933/100 


Material  Date 


Silk 

1 

2nd  half 
l6th.  centur 

Silk 

1 

IU/1 5th.  cer. 

Silk 

1 4/ 15th.  cer 

Silk 

l6th.  centur 

Silk 

about  1500 

Silk 

13/l4th.  cer 

Silk 

l4th.  centur 

Silk 

i 

end  15th.  c  € 

Silk  j 

14/ 15th.  cer 

Silk 

l4th.  centur 

Silk 

1 4/ 15th.  cer 

Silk 

13/1 4th.  cer 

Silk 

about  1 U  0 C 

Silk 

14/ 15th.  cer. 

Silk 

12/ 13th.  cer 

Silk 

14/ 15th.  cer 

Silk 

14/ 15th.  cer 

Silk 

l4th.  centur 

Silk 

l4th.  centur 

Silk 

13th.  centur 

Silk 

II3/I 4th.  cer 

Silk 

¡13/1 4th.  cer 

Silk 

j  11/1 2th.  cer 

Silk 

end  l6th.  ce 

Silk 

1st.  half  'C 
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Material 

Date 

Origin 

Result 

7  i 
! 

Silk 

2nd  half 

Germany 

Polish 

l6th.  century 

cochineal 

I 

■°  1 

Silk 

lU/l5th.  century 

Germany 

Madder 

i 

i 

Silk 

lU/l5th.  century 

Germany 

Madder  + 
Brazil 

Silk 

1 6th.  century  ? 

i  Italy 

j 

Polish 

cochineal 

Silk 

about  1 500 

Italy 

Kermes 

Silk 

13/1 Uth.  century 

Italy 

Red  Wood 

'  Silk 

lUth.  century? 

Italy 

Kermes 

.  1 

!  Silk  ! 

; 

end  15th.  century 

Italy 

Kermes 

j  ! 

*  Silk 

lU/l5th.  century 

Italy 

Brazil 

;  Silk 

lUth.  century 

Italy 

Brazil 

/’  ) 

'  Silk 

lU/l5th.  century 

Italy 

not  to 
indent  if y 

86 

Silk 

13/lUth.  century 

1 

Germany 

no  sample 
enough 

:  Silk 

■  about  1 UOC 

Italy 

Brazil 

,g  ,1 

Silk 

1  1 U/ 1 5th.  century 

Germany 

Brazil 

33/85 

Silk 

i  12/ 13th.  century 

Italy 

Brazil 

Silk 

;  lU/l5th.  century 

Germany 

Brazil 

Silk 

1  1 U / 1 5th.  century 

Germany 

Brazil 

4 

Germany 

not  to 

■  Silk 

lUth.  century 

indentify 

'  Silk 

I  1  Uth.  century 

Germany 

Brazil 

'  Silk 

i  13th.  century 

Italy 

not  to 
indentify 

.  Silk 

!  13/1 Uth.  century 

Germany 

Brazil 

3/87 

i  Silk 

1  13/I Uth.  century 

Germany 

Brazil 

Italy 

Brazil 

!  Silk 

1  1 1 / 12th.  century? 

!  Silk 

j end  l6th.  century 

Italy 

Cochineal 

33/100 

Silk 

|lst.  half  16th.  century 

1 

Italy 

not  to 
indentify 

Material 


Date 


Sample  j  Collection  Description 

number  j  of  the  object 


47 

— 

- 

Gewerbe  Museum,  Basel 

- - 

Damask  1 907/106 

' 

Silk 

- é - 

2nd.  h 

U8 

• 

Gewerbe  Museum,  Basel 

Brocade  1907/97 

Silk 

Í 2nd.  h 

19 

Gewerbe  Museum,  Basel 

Weave  1907/96 

Silk 

i 

j  lUth. 

50 

Gewerbe  Museum,  Basel 

Velvet  brocade  1907/208 

Silk 

j 

!  15th. 

¡51 

■ 

Gewerbe  Museum,  Basel 

Velvet  1907/230 

Silk 

! 16/ 17t 

52 

Abegg  Stiftung 

. 

Weave 

Silk 

end  1  5 
centur. 

'53 

a 

Abegg  Stiftung 

Wool 

l6th. 

b 

Wool 

1 6th. 

;5*+ 

a  ■ 

Abegg  Stiftung 

Hanging 

Wool 

I525-I 

b 

Hanging 

Wool 

I525-I 

c 

Hanging 

Wool 

I525-I 

55 

a 

Abegg  Stiftung 

"Borte"  Cologne 

Silk 

middle 
15th.  ( 

b 

"Borte"  Cologne 

Silk 

middle 
15th.  f 

56 

Abegg  Stiftung 

Emroidery 

Silk 

middle 
l6th.  c 

57 

Abegg  Stiftung 

Weave 

Silk 

about 

58 

Abegg  Stiftung 

Velvet  chasuble 

Silk 

late  V 

59 

Abegg  Stiftung 

Velvet 

Silk 

late  If 

6o 

a 

Abegg  Stiftung 

Wool  weave 

Wool 

middle 

j 

b 

Wool  weave 

Wool 

middle 

6i 

Abegg  Stiftung 

Velvet  Bern, 

Historisches  museum  ¡ 

Silk 

2nd.  hi 

I 

62 

a 

Kungl.  Livrustkammaren 

Velvet  from  shield  2611a  | 

Î 

Silk 

j  I5I+8 

j 

b 

.  j 

Velvet  from  shield 

Silk 

j 

!  1 5^8 
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i^at  erial  Dale 


Origin 


Result 


Silk 


2nd.  half  '6th.  century 


Silk 


2nd.  half  ‘5th.  century 


Silk 


]  lUth.  century 


Silk 

!  Silk 

i 

!  Silk 

i 

•  Wool 

I  Wool 

i 

í  Wool 
Wool 

;  wool 

i 

I  Silk 
i 
! 

I  Silk 

I 

1  Silk 

j 

t 

!  Silk 

i 

!  Silk 

j 

!  Silk 

i 

Wool 

Wool 

Silk 

!  Silk 

I 

1 

!  Silk 


j  15th.  century 

\ 

!  16/ 17th.  century? 

end  15th.  begin  l6th. 
c  entury 

16th.  century 

l6th.  century 

1525-1550 

1525-1550 

1525-1550 

middle  of  the 
15th.  century 

middle  of  the 
15th.  century 

middle  of  ihe 
l6th.  century 

atout  15OO 

late  15th.  century 

late  l6th.  century 
middle  l6th.  century 
middle  loth,  century 
2nd.  half  15th.  century 

i 

!  1 5U8 

< 

i 

!  1 5^8 

i 


Italy 

Italy 

Italy 

Italy 

*1 

Spain 

Switzerland 
Switzerland 
Belgium  Oudenaarde 
Belgium  Oudenaarde 

Belgium  Oudenaarde 

Germany  Cologne 

Germany  Cologne 

Italy 

Spain 

Italy  or  Spain 

! 

:  Italy 
Peru  (Inka) 

:  Peru  ( Inka) 
j  Italy 

j  Poland? 

!  Augsburg? 

Poland? 

Augsburg? 


Polish 

Cochineal 

Polish  i 

Cochineal+ 

Kermes  ¡ 

not  to 

identify  j 

Polish 

Cochineal+ 

Kermes  j 

j 

Cochineal+  ' 

Kermes 

Kermes  +  a 
trace  Madder 

:  Madder 

Madder  •; 

Madder 

Madder+ 

Brazil 

no  sample 
enough 

Madder 

:  j 

Madder 

Brazil 

Kermes 

:  Polish  '■ 

;  Cochineal  \ 

.  Cochineal 

.  Cochineal 

\  Cochineal 

i  i 

Kermes  =  ! 

i  Lac -dye 

i 

Polish 
;  Cochineal 

j  Polish 

!  Cochineal+  j 

i  a  trace  kermes 
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of  the  object 
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63 

Kungl.  Livrustkammaren 

Velvet  from  elegant 
harness-saddle  of 

Erik  XIV  2930 

Silk 

I960 

61+ 

Kungl.  Livrustkaimnaren 

Velvet  from  inside  of 
:  shield  Italian  manufac- 
1  ture,  3936 

Silk 

;  late 

1 

65  a 

Kungl.  Livrustkammaren 

;  Silk  from  embroidery 
for  canopy  of  the  wife 
!  of 

Silk 

ab  ou 

* 

]  Erik  XIV  06/6687 

Silk 

abou 

66 

Kungl.  Livrustkammaren 

. 

Polish  trumpet-flag  755 

Silk 

abou 

67 

Erzbischöfliches 

D  i  0 z e s an-mu s eum 

Embroidery  1+21+ ,  S  90 

Silk 

2nd. 

15th 

68 

Erzbischöfliches 

D io z e san-mu s eum 

Embroidery  1+1 6,  S  89 

Silk 

2nd. 

15th 

69 

Erzbischöfliches 

Diozesan-museum 

Embroidery  1+ 1 3—1+ 1 1+  ,S  89 

Silk 

2nd. 

1  5th 

70 

Erzbischöfliches 

Diozesan-museum 

Weave  +  embroidery 

373,  S  80 

Silk 

2nd. 

15th 

71 

Erzbischöfliches 

Diozesan-museum 

Weave  +  embroidery 

365,  S  79 

Silk 

15th 

72  a 

Erzbischöfliches 

Diozesan-museum 

Velvet  305  S  71,  Abb.  7I+ 

Wool 

1  st . 

1  6th. 

b 

V  elvet 

Wool 

1  st . 

1  6th. 

73  a 

Schweizerisches 
Landesmuseum,  Zürich 

Wool  weave  IN  695I+ 

Wool 

abou* 

b 

,  Wool  weave 

Wool 

ab  oui 

c 

.  f 

;  1 

;  Wool  weave 

Wool 

about 

d 

Wool  weave 

Wool 

about 

e 

1  Wool  weave 

Wool 

about 

f 

i  Wool  weave 

Wool 

about 

6 

1  Wool  weave 

Wool 

about 
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Mat erial 

Date 

Origin 

Result 

i  elegant 

Idle  of 
>30 

Silk 

I56O-I562 

i 

Belgium 

Antwerp 

Polish 

Cochines 

i  inside  of 
ian  manufac- 

Silk 

¡  late  l6th.  century 

1 

Italy 

Milan 

j Polish 
!  Cochines 

mbroidery 
of  the  wife 

Silk 

about  1568 

Sweden 

Stockholm 

j 

1  Polish 
!  Cochines 
Brazil  j 

/  6687 

Silk 

;  about  1 568 

Sweden 

Stockholm 

!  Polish 
Cochinei 

pet-flag  755 

Silk 

about  l60? 

Poland 

Polish 
;  Cochines 

424 ,  S  90 

Silk 

2nd.  half  of  the 

15th.  century 

Germany 

Cologne 

Madder  ; 

4 1 6 ,  S  89 

Silk 

1 

2nd.  half  of  the 

15th.  century 

Germany 

Cologne 

Madder 

413  4l4 , S  89 

Silk 

2nd.  half  of  the 

15th.  ce ntury 

Nieder-F.hein 

Madder 
trace  B: 

roidery 

;  Silk 

2nd.  half  of  the 

15th.  century 

Germany 

Cologne 

Madder 

roidery 

:  Silk 

j 

15th.  century 

Germany 

Cologne 

Madder 

S  74  Abb.  74 

!  Wool 

1  st .  half  of  the 
l6th.  century 

Germany 

Cologne 

Madder 

Wool 

1st.  half  of  the 
l6th.  century 

Germany 

Cologne 

Madder 

IN  695^ 

:  Wool 

about  1 47  0 

1 

Basel  or 

Oberrhein 

Madder 

1  Wool 

about  1 47  0 

<  Basel  or 

Oberrhein 

not  to 
identif 

■  Wool 

about  1 47 0 

Basel  or 

Oberrhein 

Madder 

.  Wool 

about  1  47 C 

Basel  or 

Oberrhein 

Madder 

Wool 

about  1 47  0 

Basel  or 

Oberrhein 

Madder 

:  Wool 

about  1 47  0 

:  Basel  or 

Oberrhein 

,  Madder 

Wool 

about  1 47  C 

Basel  or 

Oberrhein 

not  to 
identif 

-15- 


* 

il 

« 

« 

$ 


Sample 

number 

Collection 

Description 

of  the  object 

L 

Mat erial 

Da 

7l+  a 

Schweizerisches 
Landesmuseum,  Zurich 

Wool  weave  LM  7375 

Wool 

en 

b 

Wool  weave 

Wool 

en 

c 

Wool  weave 

Wool 

en 

d 

1 

Wool  weave 

Wool 

en< 

e 

Wool  weave 

Wool 

ene 

75  a 

j 

Schweizerisches 
Landesmuseum,  Zürich  i 

Wool  embroidery  LM  1381+ 

Wool 

15! 

b 

; 

j 

í 

. 

Wool  embroidery 

Wool 

15! 

j  76  a 
i 

Schweizerisches 
Landesmuseum,  Zürich 

Wool  weave  LM  200  21 

Wool 

abc 

! 

1 

i 

Wool  weave 

Wool 

abc 

!  c 

• 

- 

Wool  weave 

Wool 

abc 

d 

! 

Wool  weave 

Wool 

abc 

!  e 

1 

Wool  weave 

Wool 

abc 

f 

! 

Wool  weave  i 

Í 

Wool 

abc 

'  g 

i 

Wool  weave  ! 

i 

Wool 

abc 

77  a 

Schweizerisches 
Landesmuseum,  Zürich 

Wool  embroidery  LM  16659  ' 

Wool 

158 

b  Í 
1 

Wool  embroidery 

i 

1 

Wool 

158 

c  ! 

i 

j 

Wool  embroidery 

Wool 

158 

78  a 

Schweizerisches 
Landesmuseum,  Zürich 

Wool  embroidery 

LM  5U96 

Wool 

151 

b 

i 

Wool  embroidery 

Wool 

1  51! 

Schweizerisches 
Landesmuseum,  Zur ich 


Wool  weave  LM  1959 
Wool  weave 


Wool 

ab  oí. 

Wool 

aboi 

-15- 


_ _  -  - - 

- -  - 

Material 

Date 

Origin 

_ 

Result 

Wool 

1 

! 

end  of  the  15th.  century 

Switzerland 

Sapan? 

wood? 

j  Wool 

i  end  of  the  15th.  century 

Switzerland 

Madder 

j  Wool 

j  end  of  the  15th.  century 

Switzerland 

Madder 

1 

j 

i  Wool 

j  end  of  the  15th.  century 

Switzerland 

;  Madder 

1 

!  Wool 

-  end  of  the  15th.  century 

Switzerland 

i  Madder 

t 

j 

:  Wool 

I  1593 

i 

Switzerland 

;  not  to 

\  identify 

1 

!  Wool 

‘  1593 

Switzerland 

1 

1 

j  not  to 

j  identify 

¡ 

Wool 

..  about  1600 

j 

;  Switzerland 

1  Kanton  Luzern 

t  Red  s andel 
;  wood 

Wool 

•  about  1 6 00 

1 

Switzerland 

Kanton  Luzern 

:  Brazil 

Wool 

Wool 

about  1 600 

about  1 6 00 

Switzerland 

Kanton  Luzern 
Switzerland 

Kanton  Luzern 

!  Brazil 

Brazil 

Wool 

i 

about  1 6 00 

Switzerland 

Kanton  Luzern 

not  to 
identify 

1  Wool 

'  about  1 600 

j 

Switzerland 

Kanton  Luzern 

Madder  + 
Brazil 

!  WOOl 

! 

about  1 600 

Switzerland 

Kanton  Luzern 

Brazil 

■.  Wool 

1530 

Switzerland 

Schaffhausen 

Madder 

;  Wool 

i 

1 

;  1580 

Switzerland 

Schaffhausen 

:not  to 
identify 

I 

j  Wool 

0 

CO 

LT\ 

* - 

Switzerland 

Schaf f hausen 

Brazil 

Wool 

:  1 519 

East  Switzerland 
Kanton  Thurgau 

Madder 

5 

Wool 

1519 

East  Switzerland 
Kanton  Thurgau 

Madder 

Wool 

about  1  i+8  C 

Switzerland 

Madder 

1  Wool 

about  lU80 

Switzerland 

Madder 

-16- 


Sample 

number 

r  ,  ■ 

Collection 

■ 

- - 

Description 
of  the  object 

Material 

1 

! 

■j  Date 

j 

j 

! 

80 

a 

Schweizerisches 
Landesmuseum,  Zurich 

Wool  embroidery  LM  4696 

Wool 

I568 

b 

Wool  embroidery 

Wool 

'1568 

81 

a 

Schweizerisches 
Landesmuseum,  Zürich 

Wool  weave  LM  29359  1  Wool 

i 

1 5  66 

b 

Wool  weave 

Wool 

1566 

c 

■ 

Wool  weave 

Wool 

15  66 

82 

a 

Schweizerisches 
Landesmuseum,  Zurich 

Wool  embroidery  LM  21966  j 

i 

1 

Wool 

abou 

b  i 

i 

Wool  embroidery 

Wool 

abou 

83 

a 

! 

i 

Schweizerisches  ! 

Landesmuseum,  Zürich 

i 

Wool  embroidery  LM  24487 

Wool 

ab  ou 

T, 

j 

¡ 

Wool  embroidery 

Wool 

ab  ou' 

c 

J 

Wool  embroidery 

Wool 

abou* 

d 

Wool  embroidery 

Wool 

aboul 

84 

a 

Schweizerisches 
Landesmuseum,  Zürich 

Wool  embroidery  LM  6096 

Wool 

1552 

b 

1 

Wool  embroidery 

Wool 

1552 

c 

Wool  embroidery 

Wool 

1552 

d 

Wool  embroidery 

Wool 

1552 

85 

Schweizerisches 
Landesmuseum,  Zürich 

Wool  embroidery 

LM  6097 

Wool 

1533 

86 

Gewebe Sammlung ,  Krefeld 

Brocade  01310 

Silk 

about 

37 

An  der  Ingenieurschule 
für  Textilwesen 

Damask  01 982  A 

Silk 

1 6th. 

88 

An  der  Ingenieurschule 
für  Textilwesen 

Weave  02983 

Silk 

Begin 

89 

An  der  Ingenieurschule 
für  Textilwesen 

Brocade  011 51 

Silk 

Middl 

15th. 

-16- 


4696 


21966 


24487 


6096 


Material  ¡Date 


í 

1 


Wool 

1  568 

Wool 

'1568 

i  Wool 

! 

;  1  566 

1 

1 

) 

1  Wool 

1566 

!  Wool 

1566 

1 

i  Wool 
i 

about 

1530/40 

i 

; 

!  Wool 

about 

1530/40 

'  Wool 

about 

1560 

j  Wool 

about 

1560 

Wool 

about 

1  560 

Wool 

about 

1 560 

Wool 

1552 

Wool 

1552 

Wool 

1552 

Wool 

1552 

Wool 

1533 

Silk 

about  1 6OO 

Silk 

l6th 

century 

Silk  Begin  l6th.  century 

Silk  Middle  of  the 

ISth.  cent  ary 


Origin 

. .  ! 

Result 

Switzerland 

Madder 

. 

Switzerland 

Madder 

Basel  or  Oberrhein 

Madder  + 
Cochineal 

Basel  or  Oberrhein 

Madder 

Basel  or  Oberrhein 

: Madder 

i 

Switzerland 

Kanton  Glarus 

i Madder 

! 

Kanton  Glarus 

Madder 

Switzerland 

Innenschweiz 

till  now  no¬ 
to  identify 

Switzerland 

Innenschweiz 

Switzerland 

Innenschweiz 

Madder 

Madder 

Switzerland 

Innenschweiz 

Madder 

Switzerland 

Kanton  Luzern 

Madder 

Switzerland 

Kanten  Luzern 

Kermes  + 
Cochineal 

Switzerland 

Kanton  Luzern 

Madder  + 

not  to 
identify 
' spot ’ 

Switzerland 

Kanton  Luzern 

Madder  + 
not  to 
identify 
’ spot ’ 

Switzerland 

Schaf f hau sen 

not  to 
identify 

Spain 

Cochineal 

Italy 

Cochineal 

Italy  or 

Spain 

Madder 

Italy 

' Kermes 

-17- 


1 

1 

Sample 

number 

Collection 

Description 
of  the  object 

Material 

1 

■ 

9C 

An  der  Ingenieurschule 
für  Textilwesen 

Velvet  00059 

Silk 

9 

91 

An  der  Ingenieurschule 
für  Textilwesen 

Weave  01270 

Silk 

« 

92 

An  der  Ingenieurschule 
für  Textilwesen 

Brocade  ’’Borte"  01133  A,B 

Silk 

93 

An  der  Ingenieurschule 

Brocade  011 56 

Silk 

V 

für  Textilwesen 

9U 

An  der  Ingenieurschule 

Brocade  01159 

Silk 

1 

für  Textilwesen 

95 

An  der  Ingenieurschule 
für  Textilwesen 

Velvet  brocade  001 8 5 

Silk 

m  196 

i 

j 

i 

Österreichisches  Museum 
für  Angewandte  Kunst,  Wien 

Velvet  T  2320 

Silk 

l 

97 

Österreichisches  Museum 
für  Angewnadte  Kunst ,  Wien 

"Kölner-Borte"  T  952 

■ 

Silk 

I 

* 

Österreichisches  Museum 
für  Angewandte  Kunst,  Wien 

Velvet  brocade  T  9236 

Silk 

t 

99 

Österreichisches  Museum 
für  Angewandte  Kunst,  Wien 

Weave  T  869 

Silk 

■ 

100 

Österreichisches  Museum 
für  Angewandte  Kunst,  Wien 

Velvet  T  1+572 

• 

Silk 

* 

101 

Österreichisches  Museum 
für  Angewandte  Kunst,  Wien 

Brocade  +  velvet  T  922 

Silk 

102 

Österreichisches  Museum 
für  Angewandte  Kunst ,  Wien 

Brocade  +  velvet  T  5597 

Silk 

s 

103 

Österreichisches  Museum 
für  Angewandte  Kunst,  Wien 

Silk  brocade  T  U 1 28 

Silk 

■ 

10U  a 

Staatliche  Museen 
Preussischer  Kulturbesitz 
Kunst gewebe  Museum,  Berlin 

Altar  Antependium  l6,25 

Wool 

II 

b 

Wool 

•  E 


Wool 


Wool 


2 


Material 

1 

!  Date 

1 

1 

i 

Origin 

Result 

Silk 

15th.  century 

Italy 

Kermes 

Silk 

about  1 50G 

:  Spain 

Kermes 

1133  A, B 

Silk 

Silk 

2nd.  half  of  the 

15th.  century 

2nd.  half  of  the 

15th.  century 

J 

1 

i 

j Germany 

Cologne 

:  Italy 

Florence 

Madder 

Kermes 

Silk 

:  2nd.  half  of  the 

15th.  century 

;  Italy 

Florence 

Madder  + 
Brazil? 

185 

Silk 

;  15th.  cent ary 

!  Italy 

Kermes 

Silk 

2nd.  half  of  the 
l6th.  century 

i 

Italy  or 
■  Spain 

Cochineal 

952 

Silk 

1 

1U97 

Germany 

Cologne 

Madder  + 
not  to 
identify 
’ spot ' 

¡ 

92' 

Silk 

i 

2nd.  half  of  the 

15th.  century 

Italy 

i 

Cochineal  j 

i  Silk 

1 

1 

2nd.  half  of  the 

15th.  century 

:  Spain 

Granada 

Madder  + 
Kermes 

!  Silk 

1 

11*25-1^50 

Italy 

Madder  + 
Brazil 

T  922 

;  silk 

i 

Middle  15th.  century 

;  Italy 

Polish 

cochineal 

T  5597 

1  Silk 

l 

Begin  l6th.  century 

*  Italy 

Cochineal 

28 

1 

•j  siik 
i 

about  I55O 

;  Spain 

Cochineal 

1 

16,25 

\ 

;  Wool 

4 

f 

1 

2nd.  half  cf  the 

15th.  centvry 

■  Basel 

i 

not  to 
identify 

j 

;  Wool 

2nd.  half  cf  the 

15th.  century 

Basel 

1 

Madder 

1 

Wool 

2nd.  half  cf  the 

15th.  century 

Basel 

¡ 

Madder 

.  Wool 

2nd.  half  cf  the 

15th.  century 

■  Basel 

not  to 
identify 

frflfllflfl  flflfl  «  fl  fl  -flJI  fl  fl  fl 


i 

Sample 

number 

Collection 

Description 
of  the  object 

Material 

105 

Staatliche  Museen 
Preussischer  Kulturbesitz 
Kunstgewebe  Museum,  Berlin 

Velvet  1986,  10 

Silk 

'  106  a 

Staatliche  Museen 
Preussischer  Kulturbesitz 
Kunst gewebe  Museum,  Berlin 

Embroidery/ Sat in  65,  10 

Silk 

b 

Satin  +  embroidery  65,  10 

Silk 

,  107  a 

. 

j 

Staatliche  Museen 
Preussischer  Kulturbesitz 
Kunstgewebe  Museum,  Berlin 

Embroidery  65,33 

Silk 

b 

* 

Embroidery 

Silk 

CO 

0 

Staatliche  Museen 
Preussischer  Kulturbesitz 
Kunstgewebe  Museum,  Berlin 

Embroidery  chasuble  63,6 

Silk 

. 

109 

Staatliche  Museen 
Preussischer  Kulturbesitz 
Kunst gewebe  Museum,  Berlin 

Velvet  62,  155 

Silk 

110 

Riksantik-varieämbetet , 
Stockholm 

Piece  of  red  velvet  from 
chasuble 

Silk 

111  ! 

Riksantik-varieämbetet , 
Stockholm 

Piece  of  red  velvet  from 
chasuble 

Silk 

1 12  j 

i 

Riksantik-varieämbetet , 
Stockholm 

Piece  of  brownish  silk 
from  Danish  flag 

Silk 

113 

Museum  Narodowe  Warszawie, 
Poland 

Velvet  textile  from  Italy 

Silk 

114  a 

Museum  Narodowe  Warszawie, 
Poland 

Brocade-With  the  pattern 
of  granate 

Silk 

b  i 

Silk 

II5 

! 

1 

{ 

Museum  Narodowe  Warszawie, 
Poland 

Velvet.  Fragment  of  a 
chasuble  with  the  pattern 
of  granate 

Silk 

lié  a 

¡ 

1 

Musée  Historique  des  Tissue 

Velvet  2286U 

Silk 

b  1 

i 

\ 

l 

1 

Silk 

117  : 

Musée  Historique  des  Tissue 

Velvet  33.357 

Silk 

118 

Musée  Historique  des  Tissue 

Velvet  30.935 

Silk 

_ 

-18- 


Material 

Date 

|_. . -  I 

Origin 

Silk 

lU80 

Italy  or  Spain 

5,  10 

Silk 

!  1550 

j 

France 

65,  10 

Silk 

j 

!  1550 

France 

Silk 

!  about  1 bOO 

i 

Portugal 

Silk 

j 

'  about  l600 

Portugal 

e  63,6 

1  Silk 

1588 

j  Spain 

i 

!  Silk 

Middle  1  5ûîi.  century 

j  Italy 

i 

t  f 

(  ) 

'  Silk 

end  of  the 

15th.  century 

1 

! 

1 

,  Italy 

t  from 

:  silk 

! 

1st.  half  of  the 

17th.  century 

!  Italy? 

Í 

1 

silk 

1  Silk 

:  163^ 

* 

•  Danmark 

m  Italy 

Silk 

;  early  l6th.  century 

•  Italy 

attern 

j  Silk 

; 

16th.  century 

i 

i  Turkey 

j 

i 

Í  Silk 

j  l6th.  century 

1 

;  Turkey 

f  a 

j  Silk 

j  15th.  -  16th.  century 

!  Italv 

i 

pattern 

i 

j 

i  Silk 

j 

i 

1 

i 

:  end  of  the  15th.  begin 
;  cf  the  16th.  century 

1 

Í 

1 

1  Italy 
! 

i — i 
•H 

CO 

i  end  of  the  15th.  or 
■  begin  of  the  l6th.  centm.^ 

i 

j  Italy 

i 

i  Silk 

j 

1 

;  2nd.  half  of  the 
j  15th.  century 

!  Italy 

i 

Silk 

1  2nd.  half  of  the 

j  Italy 

15th.  century 


Result 


Polish 

Cochineal 


Cochineal+ 

Brazil 

I  Brazil 

i 

1  Madder  + 

1  Cochineal 

[ 

Madder  + 
i  Cochineal 

1  Brazil 


Poli  äs 
Cochineal 


Kermes 

Cochineal 

Brazil 


Cochineal 


Cochineal 

Cochineal 

Cochineal? 

Polish 

Cochineal 


Polish 

Cochineal 

Polish 

Cochineal 

Polish 

Cochineal 
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i 


i 


Sample 

number 

119  a 

Collection 

Kunstindustri-museet,  Oslo 

Description 
of  the  object 

Norwegian  tapestry,  "Loth 
and  his  daughters  fleeing 
from  Sodom" 

Material 

Wool 

Date 

End 

; 

b 

Wool 

End 

:  120  a 

Kunstindustri-museet ,  Oslo 

Tapestry. Horsemen  and 
Knights  in  armour 

Wool 

i  ab  ou 

i 

} 

1 

i 

i  b 

Wool 

abou 

c 

Wool 

abou 

d 

Wool 

abou 

e 

i 

1 

j 

Wool 

abou 

I’21 

1 

* 

Museum  Narodowe  Warszawie, 
Poland 

Dated  by  the  coat  of  arm  of 
Sforza  and  the  white  Eagle 
of  our  king  Sigismundus  the 
First  to  the  first  half 
of  the  century 

Silk 

1  st . 

1 6th 

!  122 
i 
! 

Museum  Narodowe  Warszawie, 
Poland 

Textile  from  Italy 

Silk 

1650 

<  '23 

i 

The  Metropolitan  Museum 
of  Art,  New  York 

Satin,  with  gold  and 

1  silver ,  52.20.21 

Silk 

l6th 

¡  12U 

1 

j 

The  Metropolitan  Museum 
of  Art ,  New  York 

;  Medallions  a  fal  corner, 
i  servant  in  a  velvet  on 
¡twill  ground,  52.20.11 

Silk 

Tarín 

¡125 

j 

'  The  Metropolitan  Museum 
of  Art ,  New  York 

1  Pile  on  pile  satin  velvet 
j  U6. 156. 1U0 

Silk 

Late 

•  126 
i 

j 

Musses  Royaux  d'Art  et 
d’Histoire,  Brussels 

;  Tapestry 

j 

¡Wool 

3rd. 

1 6zt. 

¡127  a 

1 

Musses  Royaux  d’Art  et 
:  d’Histoire,  Brussels 

•A 

j  Tapestry 

j  Wool 

mide 

j  b 

Î 

j 

i 

! 

j  Tapestry 

j  Wool 

mide 

1 128  a 
i 

i 

Musses  Royaux  d’Art  et 
d'Histoire,  Brussels 

j  Tapestry 

1 

¡Wool 

i 

! 

:  3rd. 
15th 

b 

1 

1 

i 

j 

i 

!  Tapestry 

i 

{ 

! 

¡  Wool 

j 

i 

3rd. 

1  5tt 

c 

! 

j  Tapestry 

j 

1  Wool 

j 

3rd. 

15t} 

129 

Aartsbisschoppelijk  Museum, 
:  Utrecht 

;  Velvet  880 

j 

¡Silk 

! 

1 

la  si 

1  5tl 

HK 
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Material 

Date 

Origin 

Result 

y,  "Loth 

.  i 
< 

Wool  ; 

End  of  l6th.  century 

.  i 

Norwegian  ! 

Kermes 

fleeing 

v  1  ' 

End  of  l6th.  century 

i  Norwegian 

Madder 

and 

Wool 

about  155O 

i  Belgium,  Brussel 

1 

Madder 

Wool 

about  I55O 

!  Belgium,  Brussel 

1 

Cochineal 

Wool 

about  155O 

j  Belgium,  Brussel 

Madder 

Wool 

•  about  I55O 

1  Belgium,  Brussel 

Madder 

f  Wool 

1 

j 

about  155O 

;  Belgium,  Brussel 

j 

not  to 
identify 

i 

of  arm  of. 
lite  Eagle  j 
mundus  the; 
;t  half  j 

t 

Silk 

1st.  half  of  the 
l6th.  century 

j  Italy 

i  i 

!  ! 

i  .  t 

‘  i 

j  ! 

Kermes  + 
Cochineal 

1 

t 

1 

_y  i 

Silk 

1650 

j  I 

Italy  j 

j  ! 

:  1 

« 

Cochineal+ 

Kermes 

1 

an^. 

Silk 

l6th.  century 

,  I 

;  Asia  Minor  ; 

;  j 

Cochineal+ 

Kermes 

1 

i 

corner , 

Silk 

:  Tahnas  period 

t 

Shah  of  Persia  j 

¡ 

Cochineal+ 

Kermes 

/et  on 
.20.11 

in  velvet 

. 

Silk 

Late  15th.  century 

1 

i  I 

;  Italy 

Cochineal+ 

Kermes 

Wool 

3rd.  quarter  of 
l6th.  century 

\  1 

1  Belgium,  Oudenaard 
;  i 

i  j 

Madder 

j  Wool 

middle  l6th.  century 

:  Belgium,  Brussel 

1  i 

Madder 

! 

I  Wool 

j 

■middle  Ibth.  century 

! 

j  Belgium,  Brussel 

Madder 

\ 

Í  Wool 
! 

•  3rd.  quarter  of 
;  15th.  century 

;  Belgium,  Tournai 

!  .  ! 

Madder 

1 

j  Wool 

i 

■  3rd.  quarter  of 
’  15th.  century 

i  Belgium,  Tournai 

! 

Madder 

i 

j  Wool 

3rd.  quarter  of 

15th.  century 

;  Belgium,  Tournai 

: 

1 

Madder 

! 

isilk 

last  quarter  of 

I  Italy 

t 

Kermes 

15th.  century 
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m 

m 


1 

Sample 

number 

Collection 

i 

_ 

j Description 
of  the  object 

Mater 

130 

Aartsbischoppelijk  Museum, 
Utrecht 

Damask  910 

Silk 

131 

Aartsbischoppelijk  Museum, 
Utrecht 

i  Velvet-  Cope  of  David 
;  of  Burgundy 

Silk 

132 

Deutsches  Tapet en-Museum, 
Kassel 

\  Wall  hanging 

j 

Silk 

133 

a 

Ufizi  Galleria 

!  Tapestry 

Silk 

b 

! 

i  Tapestry 

i 

Wool 

c 

Tapestry 

Wool 

j 

d  ¡ 

Tapestry 

Wool 

13^ 

Muzej  za  Umjet  nost  i  Obrt 
Zagreb 

Renascence  tapestry 

■ 

Wool 

135 

( 

Museos  de  Arte-Museo 

Textil,  Barcelona 

no.  23.758 

Silk 

•  36 

Museos  de  Arte-Museo 

Textil,  Barcelona 

no.  22.213 

Silk 

137 

Museos  de  Arte-Museo 

Textil,  Barcelona 

no.  23.878 

Silk 

.  138 

Museos  de  Arte-Museo 

Textil,  Barcelona 

no.  22.690 

; 

■ 

Silk 

139 

a 

Museos  de  Arte— Museo 

Textil,  Barcelona 

no.  32.9^6 

Silk 

b 

j 

no.  32. 9^6 

i 

¡ 

Silk 

llO 

• 

Museos  de  Arte-Museo 

Textil,  Barcelona 

no.  23.769 

; 

■ 

Silk 

ill 

! 

Museos  de  Arte-Museo 

Textil,  Barcelona 

no.  32.951 

! 

i 

Silk 

Il2 

i 

< 

Instituto  de  José  de 
Figueiredo,  Lisabon 

Tapestry  "Birth  of  Christ"! 
Mus eu  Nacional  de  Arte 
Antiqa  Inv.  no.  28 

Wool 

113 

! 

i 

• 

t 

a 

Instituto  de  José  de 
Figueiredo ,  Lisafcdn 

Tapestry:  History  of 
Hercules  Museu  Nacional  j 

de  Arte  Antiga  Inv.  no.  73  ! 

Wool 

! 

1 

D 

¡ 

Wool 
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f 

i 

Material 

Date 

Origin 

Result 

— 

1 

Silk 

1525  -  1550 

Italy 

Cochineal? 

í 

1 

d 

i 

Silk 

for  1 U50 

Italy 

Kermes 

¡ 

i 

i 

Silk 

1550/1570 

Italy 

Cochineal 

Silk 

3rd.  quarter  of 
l6th.  century 

Flemish,  Brussel? 

Cochineal 

Wool 

3rd .  quarter  of 
l6th.  century 

Flemish,  Brussel? 

Madder  + 

Brazil 

Wool 

3rd.  quarter  of 
l6th.  century 

Flemish,  Brussel? 

Kermes 

Wool 

3rd.  quarter  of 
:  l6th.  century 

Flemish.  Brussel? 

not  to 
identify 

Wool 

l6th.  century 

i 

Belgium,  Brussel 

Madder 

Silk 

; 

;  l6th. -17th.  century 

i 

Cochineal 

Silk 

! 

l6th.  century 

Kermes 

Silk 

I 

; 

j  15th.  century 

Kermes 

i 

Silk 

i 

'  15th.  century 
! 

Spain 

Cochineal?* 
a  trace  Brazil! 

1  Silk 

! 

lUth.  century 

Kermes 

1 

!  Silk 

1 

Í 

!  lUth.  century 

Kermes 

! 

Silk 

j 

j  l6th.  century 

Cochineal 

Silk 

j  17th.  century 

i 

Kermes 

Christ'* 

rte 

i 

1 

!  Wool 

1 

j 

•  Begin  16th.  century 

j 

j  Belgium,  Brussel 

! 

Madder 

f 

onal 

1  Wool 

i 

Middle  of  '6th.  century 

Belgium 

Brussel 

Madder 

no.  73 

i 

Wool 

Middle  of  '6th.  century 

Belgium 

Madder 

Brussel 
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;ur prend 
iseu  de 
1  ombra 

de 

real 


Material 


Wool 


Wool 


Wool 

iterant  Wool 
Tavares  J 
telo-  j 

j 

■eadVMuseuj  Wool 
ortiga. 


Date 


Middle  of  l6th.  century 


2nd  half  of  the 
l6th.  century 

2nd.  half  of  the 
l6th.  century 

End  of  Ibth.  century 


17th.  century 


Origin 

Belgium,  Bruges 

Belgium,  Brussel 

Belgium,  Brussel 
Belgium,  Brussel 

Indo-Portugaise 


Result 

not  to 
identify 

Madder 


Madder  1 

i 

t 

Madder  +  j 

Brazil  j 


Madder 


T  •  «! 

.alien 

5 

:  Silk 

i 

15th.  century 

! 

Italy  j 

Polish 

Cochineal 

_ure 

Vila 

i  ! 

silk  ; 

i 

15th.  century 

Italy  j 

Cochineal 

;  1 

15th.  cem  ary 

1 

Polish 

2  la 

.  Silk 

j 

. 

i 

Cochineal 

2U 

j 

!  Silk 
! 

15th.  century 

j 

j  j 

1 

] 

Polish 

Cochineal 

Velours  . 

1 

1 

i 

■  ■  ■  ■  -  1  li  § 

!  15th'.  century 

I 

Kermes 

i  Silk 

j 

Polish 

Cochineal 

u 

) 

j  Silk 

j  15th.  century 

i  Spain  i 

!  j 

Antiga 

ien 

i 

t 

!  Silk 

i 

;  End  of  15  tin.  or  "begin 
j  16th.  century 

i  Italy  j 

i  i 

!  j 

Polish 

Cochineal 

i 

!  Silk 

j  End  of  15th.  century 

j  Indc-Portugaise 

1  i 

Madder 

i 

i 

j 

1  16th.  century 

! 

I 

t 

Cochineal 

irs 

!  Silk 

5 

\ 

i 

i  Brus sa 

• 

J 

Cochineal 

i 

< 

!  16th.  century 

4 

2U 

\  Silk 

. 

Ïh5 

\ 

*■ 

]  Silk 

1 

;  Middle  of  17th.  century 

j  Chine 

Cochineal 

t 

e  Arte 

j 

Í 

Silk 

j 

i  17th.  century 

i 

!  India 

1 

i  Cochineal 

r 

P 

F 

r 


p 

-* 
K 


fe 


Sample 
¡  number 

Collection 

Description 

of  the  obj  ect  _ _ 

Mater! 

1  - - 

Instituto  de  José  de 
Figueiredo,  Lisabon 

Tapestry:  Vulcain  surprend 
Vénus  avec  Marte-Museu  de 
Machado  de  Castro  C ombra 

Wool 

,1,5  a 

Instituto  de  José  de 
Figueiredo,  Lisabon 

Tapestry:  Bataille  de 
Pharsale.Sé  Patriarcal 
de  Lisabon 

Wool 

b 

• 

Wool 

146 

! 

i 

S  Instituto  de  José  de 
j  Figueiredo,  Lisabon 

i 

i 

Tapestry:  Cyrus  libérant 
les  Hébreux. Museu  Tavares 
Proença  Junior  Castelo- 
:  Branco 

Wool 

i 

i 

147 

j 

i  Instituto  de  José  de 

J 

1  Figueiredo,  Lisabon 

i 

Embroidery  bed-spreadiMuseu  Wool 
Nacional  de  Arte  Antiga. 

Inv.  no.  113  ! 

*  148  a 

;  Instituto  de  José  de 
Figueiredo,  Lisabon 

1  Weave:  "Velours  italien" 

■  et  soi  de  la  doublure 

■  Silk 

j 

\ 

i 

;  b 

i 

i 

i 

i 

Velvet:  Palacio  de  Vila 
Viçosa 

Silk 

j  149 

1 

Instituto  de  José  de 
Figueiredo,  Lisabon 

Weave:  Doublure  de  la 

Chape  .  Sé  de  Viscu 

•  Silk 

1  150  a 

;  Instituto  de  José  de 

¡  Figueiredo,  Lisabon 

! 

} 

,  Thread:  Chape  du 

parement  Anglais-Velours. 

•  Sé  de  Portalegre 

:  Silk 
! 

1 

» 

ï 

b 

1 

i 

1 

j  Silk 

!  151 
! 

'  Instituto  de  José  de 

Í  Figueiredo,  Lisabon 

Velvet:  1 6 1 6  Museu 

Nacional  de  Arte  Antiga 

j  Silk 

5 

i 

j  152 

1 

Instituto  de  José  de 
Figueiredo,  Lisabon 

2033  Velours  Italien 

i 

:  Silk 

i 

1  153 

i 

1 

'  Instituto  de  José  de 
Figueiredo,  Lisabon 

•  3413  Embroidery 

i 

? 

!  Silk 

¡ 

i 

l!’5' 

Instituto  de  José  de 
.  Figueiredo,  Lisabon 

\  Parement  de  velours 
;  Museu  de  Aveiro 

!  Silk 

i 

\ 

!  155 

1 

Instituto  de  José  de 
Figueiredo,  Lisabon 

:  Velours  Turc  Museu 
Gulbenkian 

‘  Silk 
j 

;  156 

Instituto  de  José  de 
Figueiredo,  Lisabon 

Bed- spread  no.  1745 

Museu  Nacional  de  Arte 
Antiga 

,  Silk 

j 

i 

1  !  157 

Instituto  de  José  de 

Bed-spread  213o 

Silk 

Figueiredo,  Lisabon 


% 

II 


Sample 

number 

158  a 


161 


162 


163 


173 


Collection 


Instituto  de  José  de 
Figueiredo,  Lisabon 


Instituto  de  José  de 
Figueiredo,  Lisabon 


Description 
of  the  object 


Weave. Igreja  de  Aldeia 
Galega 

Weave 

Weave 

Embroidery  bed-spread 
2232 


Material 

Cotton 

Cotton 

Cotton 

Cotton 


i  1 


ABEGG  Stiftung,  Bern 

Brocade 

Silk 

j  1 
¡ 

. 

V  elvet 

Silk 

i  1 

• 

Silk 

! 

i 1 

\ 

i  Soprintendenza  Alle 
:  Gallerie  Florence 

j 

Brocade 

Silk 

. 

i 

*  i 
;  i 

i 

1 

j 

1 

-  Soprintendenza  Alle 

Gallerie  Florence 

Brocade 

■ 

Silk 

:  1 

'  Soprintendenza  Alle 

Gallerie  Florence 

Satin  Broc cat ello 

Silk 

a 

Soprintendenza  Alle 

Gallerie  Florence 

Satin 

i 

1 

Silk 

:  1 

;  Soprintendenza  Alle 

;  Gallerie  Florence 

\ 

i 

1  Velvet 

i 

; 

Silk 

; 

i 

! 

1  1 

Soprintendenza  Alle 
i  Gallerie  Florence 

\  Velvet 

;  Silk 

!  £ 

Soprintendenza  Alle 
< Gallerie  Florence 

:  Velvet 

1 

Silk 

!  1 

i 

Soprintendenza  Alle 
;  Gallerie  Florenze 

i 

j  Velvet 

j  Silk 

f 

!  Soprintendenza  Alle 
:  Gallerie  Florenze 

1 

! 

1  Velvet 

}  Silk 

I 

:  Soprintendenza;  Alle 
■  Gallerie  Florence 

.i 

1  Satin 

i 

!  Silk 

j 

Soprintendenza  Alle 
Gallerie  Florence 

\ 

‘  Satin 

Í 

j 

•  Silk 

j 

\ 

Soprintendenza  Alle 
Gallerie  Florence 

&tin 

i 

;  Silk 

I 

Soprintendenza  Alle 
Gallerie  Florence 

i 

Satin 

Silk 

1 

Soprintendenza  Alle 
Caller ie  Florence 


Brocade 


Silk 
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Material 

Date 

Aldeia 

Cotton 

16th.  century 

Cotton 

l6th.  century 

Cotton 

l6th.  century 

pread 

Cotton 

18th.  century 

Silk 

1 U 17  -  1U63 

Silk 

1 U 17  -  1 U63 

Silk 

1 U 17  -  1 U63 

Silk 

l6th.  century 

Silk 

1 6th.  century 

0 

Silk 

about  1550 

Silk 

16th.  century 

i 

> 

] 

\  Silk 

j  16th.  century 

:  Silk 

j  about  1 550 

1 

-,  Silk 

1 

1  l6th.  century 

1 

Silk 

1 

I 

155O  -  I6OC 

Silk 

!  17th.  century 

i 

j  Silk 

\ 

; 

j  17th.  century 

1  Silk 

1 

i 

1 

j  17th.  century 

I 

Silk 

I 

j  17th.  century 

i 

Silk 

j 

j  17th.  century 

Silk 

i 

j  about  165O 

Origin 

Result 

Indien 

Madder 

Madder 

Madder 

Indien 

Madder 

Italy 

Sumach 

Italy 

Sumach 

Italy 

Sumach 

Italy,  Toscana 

Polish 

Cochineal+ 

j 

a  trace  Ker 

!  Italy,  Lucchese 

i  Polish 

I 

j  Cochineal+ 

j 

!  a  trace  Ker] 

; 

1 

1  Italy,  Lucchesa 

I  Polish 

j 

¡  Cochineal+  J 

j 

:  a  trace  Ker 

1 

!  Italy,  Lucchesa 

Polish 

j 

1  Cochineal 

j 

1 

]  Italy,  Toscana 

j 

!  Kermes 

!  Italy,  Toscana 

;  Polish 

!  Cochineal 

Florence 

j  Cochineal* 

j  a  trace  Ker] 

Italy,  Toscana 

Î 

j  Kermes 

Italy,  Toscana 

j  Cochineal 

Italy,  Lucchesa 

¡ 

j  Cochineal 

Italy,  Toscana 

i 

!  Brazil 

i 

!  Italy,  Florence 

Cochineal 

j 

;  Italy,  Toscana 

, Cochineal 

j 

1  Italy,  Toscana 

Cochineal 
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* 

■ 

H 

m 

m 

0 

0 

0 

* 

0 

0 


! 

Sample 

number 

Collection 

Description 
of  the  object 

! 

i 

Material  |  ] 

i 

IT  5 

Soprintendenza  Alle 

Gallerie  Florence 

Satin 

Silk 

176 

Soprintendenza  Alle 

i 

Gallerie  Florence 

Satin 

Silk  ; 

ITT 

Soprintendenza  Alle 

i 

Gallerie  Florence 

Weave 

silk  ;  c 

1 

178 

Soprintendenza  Alle 

¡ 

Gallerie  Florence 

Brocade 

Silk 

179 

Soprintendenza  Alle 

S  ï;r  S-;>$ 

j 

Gallerie  Florence 

Silk 

180 

Soprintendenza  Alle 

Brocade 

Silk 

Gallerie  Florence 

: 

Í  181 

Soprintendenza  Alle 

) 

Gallerie  Florence 

Brocade 

Silk 

1  182 

Rijksmuseum,  Amsterdam 

:  Fragment  of  the 

• 

Hercules  tapestry  1725  IB 

Wool 

183 

Rijksmuseum,  Amsterdam 

Tapestry  RBK  1725  1A 

1  Wool 

i  18U 

i  Rijksmuseum,  Amsterdam 

:  Tapestry 

Wool 

1 

••  Tapestry 

Wool 

!  185 

i 

i 

« 

j  Rijksmuseum,  Amsterdam  Tapestry 

i 

i 

1 

Wool 

i 

i 

NOTES: 

1  )  The  samples  1  to  5  belong  to  a  different  research  programm. 

2)  When  the  sample  contains  more  than  one  shade  of  red,  they 
are  divided  into  a.b.'c.  etc.  where  a  is  e.g.  orange,  b  is 
violet-red  etc. 

3)  Should  read  'tapestry' 
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the 

est. 


1725  IB 


•h  programm. 


Material 

j 

I 

Date 

j 

Origin 

Result 

j 

Silk  1 

17th.  century 

Italy,  Toscana 

Cochineal 

! 

Silk 

17th.  century 

Italy,  Toscana 

Orseille? 

Silk 

about  1653 

Italy,  Toscana 

Cochinea] 

Brazil 

Silk 

18th.  century 

Italy,  Toscana 

Cochineal 

Brazil 

Silk 

j  17th.  ceniury 

Italy,  Toscana 

i 

\  Cochinea. 
!  Brazil 

Silk 

j 

1  lU-15th.  century 

i 

1 

j 

;  Italy,  Modena 

{ 

! . Cochinea 
!  Brazil 
) 

Silk 

:  16th.  cen  -.ury 

Í 

i  Florence 

CochineJ 
Brazil  j 

j 

!  Wool 

1 

1U85  -  I5OO 

Franc e-Flemish 

.  Madder 

' 

j  Wool 

1 U85  -  1 500 

Franc e-Flemish 

;  Madder  1 

i 

!  Wool 

.  3rd.  quarter  15th.  century 

South-Holiand 

Madder  ] 

7 

1  Wool 

3rd.  quarter  15th.  century 

South-Holland 

¿  Madder 

; 

1 

j  Wool 

Begin  l6th.  century 

,  Franc e-Flemish 

■  Redwood 

i 

) 

'  red,  they 
mge,  h  is 


5. 


Discussion  of  Results 


* 

« 


K 

K 


0 

0 


To  give  an  impression  of  the  relations  between  the  analyzed 
dyestux f s ,  the  period  1450  —  i600  was  divided  into  periods  of 
25  years. 

The  frequency  of  the  occurrence  of  the  different  dyestuffs 
was  placed  in  these  periods  when  the  samples  were  well-dated. 

If  e.g.  the  2nd  half  of  the  l6th  Century  or  the  middle  of 
the  loth  Century  was  mentioned  as  a  date  only,  it  is  difficult 
to  classify  same.  These  samples  then  were  classified  in  the 
third  quarter  of  the  l6th  Century.  The  total  number  of  the 
samples  was  counted  and  in  each  period,  the  percentage  per 
dyestuff  was  calculated. 

From  statistical  point  of  view  this  method  is  not  quiete 
correct,  because  the  number  of  samples  was  unequal  in  the 
different  periods.  Thus  from  the  third  quarter  of  the  l6th 
Century  more  samples  were  analyzed  than  from  the  1st  .quarter 
of  the  1 6th  Century.  Nevertheless  the  different  diagrams 
give  a  pretty  good  picture  of  the  occurrence  of  the  different 
dyestuffs  over  the  entire  period.  In  this  case  it  was  not 
possible  to  calculate  purely  statistically,  which  value  the 
chance  of  occurrence  of  a  particular  dyestuff  would  have. 

There  are  too  many  uncertain  factors  to  calculate  the  chance 
correctly  to  improve  this,  the  population  considered  should 
have  been  defined  exactly  with  an  instruction  on  account  of 
which  one  can  decide  whether  or  not  an  element  belongs  to  the 
population. 

Moreover  sample-material  has  to  be  obtained  from  the  population 
aselectly .  Anyhow  it  is  highly  questionable  if  in  future  re¬ 
searches  improvement  coula  be  achieved  in  the  above  mentioned 

-  -  A  ’ 

r equii ement s ,  as  e.g.  the  date  of  an  object  is  mostly  based 
on  style— critical  characteristics.  Some  degree  of  uncertainty 
always  goes  with  this  date  anyway. 

In  spine  of  the  imperfect  statistical  process,  still  a  number 
of  particular  aspects  from  the  research  did  arise. 

5-1  The  occurrence  of  Kermes 

The  use  of  Kermes  indeed  disappears 


import  of  Cochineal  from  America. 


very  quickly  after  the 
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t 
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* 
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Herewith  the  data  from  the  literature  (3)  are  confirmed. 

By  means  of  the  data  obtained  from  this  research  it  is 
possible  now  to  give  an  indication  of  the  date  of  an 
object . 

One  could  minimally  state  a  date-limit  of  about  1500-1525 
.(fig.  1-4). 

5 . 2  The  occurrecne  of  Redwood 

Particularly' striking  is,  that  samples  which  were  dated 
before  1450  (running  from  the  11th  till  1 450)  about  80$  of 
all  samples  contain  Redwood.  This  is  comparable  with  data  from 
old  recipe-books  in  this  period.  In  certainly  half  of  the  - 
recipes  to  dye  red,  Redwood  (Brasilwood)  occurs  (15). 

After  1450  suddenly  the  occurrence  of  Redwood  disappears 
in  the  samples,  whilst  in  the  3rd  quarter  of  the  l6th 
Century  unexpectedly  again  Redwood  is  present  in  the  samples, 
but  after  a  short  time  the  presence  of  Redwood  decreases 
(fig  3).  Our  explanation,  of  this  phenomenon  is  based  on  a 
number  of  historical  facts. 

Redwood,  and  especially  Caesalpinia  sappan  originates  from 
the  East  Indies,  Ceylon  etc..  From  these  regions  the  Redwood 
was  brought  over  the  continent  to  Europe  via  the  so  called  Siuk 
route  over  Constantinople. 

In  1453  Constantinople  was  captured  by  the  Turcos  owing  to 
this  fact  the  old  trade-route  was  concluded. 

Hardly  no  Redwood  was  imported  until  the  discovery  of  South 
America.  On  discovery  of  America  the  Spaniards  found  enormous 
forests  with  Redwood-trees  (hence  the  name  Brasil)  and  scon 
large  quantities  were  imported.  This  Redwood,  however,  did 
have  a  rather  bad  light  fastness  and  very  soon  the  government 
did  put  an  embargo  on  using  Redwood  on  textile. of  a  good 
quality.  Owing  to  this  the  use  of  Redwood  dropped.  The 
embargos  were  often  eluded,  although  rather  heavy  punishments 
were  put  on  it  (2.9). 
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. 3  Dividing  to  Country  and  Material 

The  samples  that  were  analyzed,  are  distributed  according 
to  material  and  in  all  cases  this  vas  wool  or  silk. 

Dyestuff  of  80%  of  the  woo],  samples  vas  Madder,  whilst  in  Qh% 
of  the  silk  samples  Kermes,  Polish  Cochineal  or  Cochineal, 

*  all  from  scale  insects,  were  analyzed  (  fig. 13,1^)* 

It  is  possible  that  these  data  may  be  based  on  the  price 
of  the  different  materials.  Silk  however  is  a  very  precious 
material  and  it  should  be  logical  to  dye  this  with  a  good 
and  expensive  dyestuff.  All  dyestuffs  from  insects  are  much 
more  precious  than  Madder.  Dividing  the  analysis  results 
according  to  Country  of  origin,  hardly  no  Madder  seems  to 
occur  in  Italian  samples  (fig  5-8),  whilst  hardly  no 
Kermes  does  occur  in  samples  from  Middle  Europe  (fig  9-13). 
Reasons  for  these  phenomena  are  hardly  to  be  rendered,  was 
Italy  more  civilized  in  this  time  or  was  it  closer  to  the 
Country  of  origin  of  Kermes? 

In  the  literature  on  the  weaving  of  carpets  in  the  Netherlands 
very  little  was  mentioned  about  dyeing  of  the  yarns  used. 
Mentioned  however  is,  that  e.g.  woolen  yarns  were  dyed  in  the 
place  itself,  whilst  dyed  silk  yarns  were  imported  (19)- 

5 . 1+  Occurrence  of  Kermes  and  Polish  Cochineai 

During  analysis  it  became  clear  that  there  were  used  more 
kinds  of  Kermes  than  known  to  the  authors.  Coccus  ilicis  L. 
and  Magarode  polonicus  both  kind  of  a  coccus  insect,  were 
used  as  reference  materials. 

From  the  spot  pattern  on  the  thin  layer  plates  it  was 
obvious,  that  apart  from  the  two  kinds  that  have  been  mentions 
above,  positively  more  kinds  of  coccus  insects  must  have  been 
used,  that  apart  from  Kermes  acid  also  contain  other  component 
but  still  do  belong  to  the  same  group  (fig.  1 6). 

Ey  studying  dyeing  literature  of  the  l6th  Century  it  was  found 
out  that  in  the  Plictho  from  Rosetti  (15)  one  positively 
pays  attention  to  these  different  kinds.  A  clear  quality 
difference  was  mentioned. 

The  following  classification  was  given: 


"So  that  you  will  under stand  that  wanting  to  dye  Silk,  it  he 
in  your  mind  that  Crimson  is  of  major  perfection  according 
to  the  land. 

For  dyeing  you  will  need  more  or  less  according  to  its  goodness 
and  therefore  you  need  greater  of  lesser  quantity  for  every 
pound.  And  that  you  will  better  understand,  'below  you  will 
distinguish  according  to  what  are  the  kinds  of  the  Crimsons 
and  the  Provinces  where  it  is  born,  viz, 

Crimson  of  the  Marche 
Crimson  fine  of  the  Vest 
Crimson  Slavic  or  Ragusian 
Crimson  of  the  Levant 
Crimson  coarse  of  the  We st 
Crimson  coarse  of  the  Levant" 


Also  in  other  recipes  more  than  one  kind  of  Kermes  was  mentioned 
(7*8).  It  should  be  useful  to  pay  more  attention  to  these 
Kermes-species  and  their  identification  in  future  research. 
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1.  Cochineal  (reference) 

2 .  Kermes 

3.  Polish  Cochineal  (reference) 
h . Sample  1 36  í  Kermes ) 

5  .  S  amp  1 .  ;  1  3  7  (  K 0  riii  e  s  ) 


6 .  S  ai.-ipl  e  139a  (  Ke  rme  s  )  ‘ 

7 . Sample  1 39L  ( Kermes ) 

8 . Sample  ill  ( Kermes ) 
9*Kopp’s  Purpurine  (reference 
1 0 . Sample  78b  ( Madder ) 


Suggestions  for  a  further  Research 

As  a  great  number  of  textile  samples  has  been  analyzed  it  is 
now  possible  to  identify  organic  red-dyestuffs  with  great 
certainty.  Not  only  in  textiles,  but  also  polychrome!  sculpture 
paintings  and  illuminated  manuscripts. 

To  get  similar  experience  with  other  organic  dyestuffs,  e.g. 
yellow  dyestuffs,  the  authors  wish  to  set  up  a  comparative 
research  for  yellow  dyestuffs  in  textile  from  the  period 

1500  -  I800. 
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1.  Cochineal  (reference) 


6. Sample  8lb  (Madder) 
7. Sample  8lc  (Madder) 
8. Sample  82a  (Madder) 
9. Sample  82b  (Madder) 
10. Kermes  (reference) 


2.  Sample  80a  (Madder) 

3.  Sample  80b  (Madder-) 


4.  Sample  8la  (Madder+Cochineal) 

5.  Madder  (reference). 
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6. Sample  9  (Madder+Brazil ) 
7. Sample  10  (Cochineal) 

8. Sample  11  (Cochineal) 

9. Sample  12  (Kermes) 

10. Kermes  (reference) 


4.  Sample  8  (Brazil) 

5.  Madder  (reference) 
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The  Restoration  and  Conservation  of  a  three-seated  Kajak 

in  the  Workshops  of  the  Überseemuseum  Bremen, Germay 


Summary 


First  a  brief  glimpse  is  given  on  the  Überseemuseum  ‘Bremen,  its 
collections,  its  members  of  ethnographic  staff  and  conservation- 
technicians,  the  situation  in  the  ethnographic  workshops,  their 
main-programmes  and  the  problems  of  their  partly  insufficient 
equipment  are  demonstrated. 

Then  follows 'the  description  of  the  restoration  and  conservation 
of  a  three-seated  kajak  from  the  Aleutian  Islands,  a  considerably 
valuable  object,  which  during  its  over  120  years  of  age  had  suffer¬ 
ed  from  wood-worm,  lack  of  surveying,  the  consequences  of  the  dam¬ 
age  during  the  last  war  and  those  caused  by  visitors.  A  first  rest¬ 
oration  took  place  in  the  years  following  the  last  war,  being  of 
more  provisional  character  due  to  the  difficult  circumstances 
during  those  days.  In  1970  a  general  inspection  of  the  object 
commanded  a  second  treatment,  mainly  dealing  with  the  wooden 
circles  forming  the  three  seat-openings,  which  kkee  nearly  totally 
fallen  into  pieces.  They  had  to  be  replaced  by  circles  made  of 
ply-wood,  bent  into  shape  on  wooden  moulds  according  to  the  origin¬ 
al  circles.  A  exact  imitation  -as  for  the  material  and  manufactur¬ 
ing  -  was  not  necessary,  because  scientific  research  was  secured  by 
saving  the  fragments  of  the  original  parts  and  -  as  for  the  didactic 
information  of  the  visitors  -  the  circles  were  totally  hidden  by  the 
seal-skin  covering  drawn  over  them  in  the  original  state.  The  support 
for  the  circles  in  the  interior  parts  of  the  kajak,  made  of  branches 
of  beech- trees (drift-wood  of  course),  were  also  replaced  by  new 


similar  pieces  of  beech-tree. 

The  conservation  of  the  seal— skin 


covering  was  performed  by  moisten- 


ing  the  hard  skin  according  to 


0  receipt  given  by  thé  taxidermists 


of  the  Überseemuseum  ,  a  solution  of  commercial  salt  and  glyce¬ 
rine  in  destilled  water«.  This  solution  was  by  and  by  replaced  by 
massaging  in  a  commercial  leather— dressing,  the  safety  of  which 
had  been  tested  during  years  of  use. 

The  last  part  of  the  report  deals  with  the  plan  to  build  up  a 
new  support  for  the  kajak,  which  is  able  to  distribute  the  own 
weight  of  the  boat  to  an  area  as  great  and  adapted  as  possible  by 
performing  a  wooden  box  with  a  tilling  of  Polyurethan— foam,  which 
is  a  negative  mould  of  the  bottom  of  the  kajak. 

The  report  is  illustrated  by  10  slides. 
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PROBLEMES  DE  RECOLTE  DES  OBJETS  ETHNOGRAPHIQUES  ET 

LEUR  CONSERVATION  DU  POINT  DE  VUE  DE  L'ETHNOLOGIE 


SUR  LE  TERRAIN 


L'enquête  sur  le  terrain  emprunte  ses  méthodes,  aussi  bien  à 
1  *  archéologue ,  à  l'historien,  au  sociologue,  qu’aux  méthodes 
classiques  d 1 inven tori age  de  l'ethnographie.  La  méthode  ethno¬ 
graphique  utilisera  les  fiches  d'enquête  qui  correspondent  aux 
besoins  des  fichiers  de  musée,  tels  qu'ils  sont  prévus  sur  le 
plan  international,  y  compris  pour  les  besoins  de  1  »  informatique. 

Les  thèmes  courants  seront:  habitations,  mobilier,  vaisselle  et 
ustensiles  de  cuisine,  vêtements,  parures,  toilettes,  poterie, 
vannerie,  cordonnerie,  tissage  et  filage,  armes,  chasse  et  pêche, 
élevage,  agriculture,  alimentation,  transports,  jeux  et  jouets, 
danses  et  musique,  magie,  religion,  pharmacopée. 

Pour  chaque  objet,  il  convient  de  répondre  à  un  certaiin  nombre 
de  questions,  de  rédiger,  en  somme,  immédiatement  la  fiche  d ' in¬ 
ventaire,  dans  le  cadre  de  divisions  également  connues  : 

1 .  Dénomination 

2.  Techniques  de  fabrication 

3.  Technique  d'utilisation 

4.  Caractères  economiques ,  sociaux,  religieux,  esthétiques 

5.  Origine  du  spécimen 

6.  Aire  de  production  et  d'utilisation. 

Sur  le  terrain,  un  plan  de  cette  sorte,  bien  que  déjà  simplifié 
au  départ,  reste  encore  très  idéal.  Dans  le  domaine  des  technique; 
notre  monographie  de  l'outil  était  établie  comme  suit: 
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I  .  Formes  traditionnelles 

2.  Relations  entre  la  forme  et  l'usage 
3 »  Relations  entre  la  forme  et  le  matériel 

4.  Influences  étrangères 

5.  Influences  du  genre  de  vie  sur  la  variété  des  types 

6.  L'artisan  connaît-il  d’autres  modèles?  Si  oui,  pourquoi  ne  les 
a-t-il  pas  adoptés? 

7.  Techniques  de  travail  (photos,  dessins,  films). 

Mais  combien  sur  place,  dans  les  campements,  dans  la  chaude  atmo¬ 
sphère  d’un  accueil  d’homme  à  homme,  les  expressions  "en quête” , 
'•système”,  "méthode"  nous  parurent  souvent  ridicules  et  injurieu¬ 
ses,  restrictives:  un  métier  de  formules  pour  "connaître” ,  "bien 
faire",  ou  "bien  vivre".  La  vie  mérite  plus  de  respect  et,  nous 
l’ espérons,  plus  d *  intelligence. 

La  photographie: 

La  photographie  a  une  valeur  documentaire,  mais  elle  se  fait  aussi 
signe  et  référence  culturelle. 

Le  film  ethnographique  est  un  complémént  souvent  indispensable , 
car  il  peut  agir  -  par  regroupements  -  aussi  bien  dans  le  temps, 
que  dans  l’espace,  si  nous  songeons  à  certains  films  de  J.  Rouch 
sur  les  Dogons. 

II  peut  être  très  technique,  peut-être  trop,  quand  il  s’enferme 
uniquement  dans  la  seule  exécution  d’un  objet,  en  négligeant  l’en¬ 
vironnement  culturel  (l’école  de  Göttingen).  Il  peut  s’ouvrir 

sur  un  panorama  de  la  vie,  comme  ce  fut  le  cas  pour  le  film  de 
Henri  Brandt  "Les  Nomades  du  Soleil".  En  fait,  il  est  composé  d’un 
ensemble  de  références,  qui  devraient  correspondre  à  ce  que  nous 
demandons  à  des  archives,  à  ce  que  l’historien  demande  à  ses  sour¬ 
ces  (archives,  bibliothèques  et  autres  documents  écrits).  Cette 
approche,  pour  les  civilisations  de  l’oralité,  appartient  à  l’ethe 
graphie  d’urgence. 

La  part  de  l’architecte: 

Quand  l’enquête  d'ethnographie  se  fait  dans  des  sites  qui  ont  un 
caractère  historique,  par  example  les  palais  royaux  d’Abomey,  qui 
couvrent  une  surface  de  37  ha.,  il  importe  de  faire  des  relevés, 
avec  la  collaboration  d’un  géomètre  et  d’un  architecte.  Ces  rele¬ 
vés  présentent  d’autant  plus  d’intérêt  que  les  sites,  le  plus  sau¬ 
vent,  ne  portent  aucun  signe  extérieur  de  leuis  fonctions . 
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Seules  les  "grandes  coutumes",  dans  le  cas  d'Abomey,  font  revivre 
tous  les  sept  ans  la  signif ication  historique  du  site  par  ses 
tombeaux,  ses  temples,  ses  anciens  marchés,  des  lieux  de  danses 
ou  d  *  autres  marqués  par  des  faits  et  gestes  des  différents  rois. 

La  part  du  peintre; 

Il  s1 agit  surtout  de  l'étude  des  gestes  techniques.  Ces  gestes 
sont  photographiés  et  filmés.  Les  outils,  les  diverses  phases  de 
fabrication,  font  partie  également  de  la  collecte  d'objets,  mais 
seul  le  peintre  peut  isoler  l'essentiel,  ce  que  films  et  photos 
ne  sauraient  faire.  De  plus,  une  certaine  émotion,  un  certain  con¬ 
tact  humain  que  l'objet  perd  au  musée  est  restitué  par  le  peintre, 
quand  ce  dernier  a  du  talent.  Nous  avons  ainsi  collaboré  avec 
Hans  Erni  dans  les  régions  sahariennes ,  tant  chez  les  Mauritaniens 
que  chez  les  Touaregs. 

Lois  et  règlements: 

Souvent  certains  pays  sont  encore  mal  défendus  par  les  lois  et 
les  règlements  douaniers •  Divers  systèmes  sont  utilisés,  qui  con¬ 
cernent  aussi  bien  l'archéologie,  que  l'ethnographie. 

Questions  ouvertes: 

Comment  protéger  et  conserver  des  sites  après  une  enquête?  Quels 
sont  les  moyens  mis  a  disposition  par  les  gouvernements  ou  par  des 
org anis at ions  internat ionales  ? 

L'enquête  ethnographique  et  les  collections  qui  en  résultent  ap¬ 
partiennent  à  un  inventaire  culturel  et  cet  inventaire  a  les  exi¬ 
gences  des  méthodes  historiques.  Cet  inventaire  doit  être  conçu 
pour  les  musées  d'art  et  d'histoire  (que  nous  appelons  ethnographie 
dans  les  pays  du  tiers-monde). 

Dépouillement,  publications,  collections  de  travail  sont,  pour  la 
plus  grande  partie,  entre  les  mains  de  chercheurs  européens  ou  amé¬ 
ricains,  mais  la  collaboration  avec  les  pays  intéressés  reste 
l'objectif  principal. 


Working- group  "Ethnographical  collections 


Often  the  rock  is  too  hard  to  bo  pounded  into  powder  and  has  to  be 


Napthalene  and  paradicholorbenzenes  are  the  mont  powerful  oí’  the  "aromatic 
protectants"  group  and  possibly  the  most  easily  obtainable  of  all  insecticides 
Although  they  will  kill  the  eggs  and  grubs  of  the  clothes  moth  they  are 
completely  ineffectual  in  the  control  of  termites  and  woodborers. 


Control  of  Inoect  Pe 
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wide  range  of  humiditi 


I  IS  avoided  by  circulating  the  liquid, 
noted  that  strong  dilution  with  water 
e  premature  gelling  of  the  monomer. 


In  practice  this  means  that  either  the  excess 
of  glycol  methacrylate  should  be.  big  enough  so  that 
it  will  not  be  diluted  .to  a  concentration  less  than 
90  %  by  the  water  from  the  wood,  or  the  impregnation 
solution  should  be  dehydrated  occasionally. 


Munnikendarn ,  R.  A.,  Conservation  of  waterlogged  wood 
using  radiation  polymerization , 

Studies  in  Conservation  Vol.  12,  1967,  No. 2,  pp  70-75 
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der  Heide,  Archeological  department  of  the  Ij3sellake  Development 
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of-  the  possibility  of  raising  the  wreck  Chief-Engineer  N.Smit,  who 
rs  working  in  the  new-work  methods  department  of  the  Holland  Delta- 
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washing  the  woodwork  to  remove  substances  thaï  may  hamper  the 
ces  should  be  started  without  delay.  This  will  take  as  is  the 
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Subjectivité  de  la  vision  colorée  et  ses  rapports 

avec  la  peinture. 


Ainsi  qu'il  a  été  dit  par  ailleurs,  le  monde  physique 
qui  nous  entoure  est  un  emotteur  permanent  d'énergie,  auss 
bien  acoustique  qu'électromagnétique. 

L'oeil  réagit  à  cette  énergie  électromagnétique  par 
une  sensation  de  lumière  et  de  couleur,  mais  il  faut  bien 
concevoir  que  la  sensation  ne  s 'elabore  qu’au  niveau  du 
récepteur  visuel,  en  conséquence  l'oeil  en  tant  que  récep¬ 
teur  d'énergie  est  un  facteur  important  de  la  vision  des 
couleurs,  mais  ainsi  que  nous  le  savons,  ce  résultat  qui  se 
nomme  vision  des  couleurs  est  inséparable  de  la  source 
d'énergie,  lumière  solaire,  ou  source  artificielle  et  de 
l'objet  en  l'occurence  la  couche  picturale  qui  renvoie  vers 
l'oeil  humain  cette  énergie. 

C'est  une  banalité  de  dire  que  sans  oeil  il  n'exisce 
pas  de  couleur  et  l'on  pense  communément  que,  en  dehors  ae 
l'être  humain  qui  les  observe  les  objets  colorés  existent 
tout  de  même.  Non  les  objets  colorés  n'existent  que  perce 
que  l’oeil  les  voit  sinon  ils  n'existent  pas  en  tant 
qu' objets  colorés,  mais  en  tant  que  modulateurs  d'énergie. 


Cet  aspect  philosophique  nous  entrainerait  un  peu 
loin.  La  couleur  s'élabore  au  niveau  de  la  sensation  à 
partir  d'impulsions  codées  de  la  rétine,  mais  le  processus 
est  continu,  si  bien  que  la  couleur  semble  appartenir  à 
l'objet  en  tant  que  caractéristique  de  sa  surface. 

Quand  l'artiste  peint  sa  toile,  il  ne  fait  que  mani¬ 
puler  des  substances  chimiques  qui  elles-mêmes  modulent 
l'énergie.  Son  génie  consiste  à  creer  des  harmonies  en 
fonction  de  ses  propres  données  visuelles  liées  à  la 
physicochimie  du  pigment  et  de  la  preparation  ae  sa  toile 
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ou  son  support  en  bois  en  pierre  ou  tout  autre  matière  et 
bien  entendu  de  son  imagination  ou  intuition  intimement 
mêlées  aux  données  précédentes. 

L'oeuvre  est  complexe  et  le  résultat  tient  compte  a. 
la  fois  de  la  lumière  utilisée,  généralement  la  lumière  du 
jour  c’est-à-dire  la  lumière  solaire  plus  ou  moins  voilée, 
des  matériaux  à  sa  disposition  et  enfin  de  sa  vision  propre 
car  le  résultat  pu1 il  désire  en  fonction  de  ses  concepts,  il 
ne  peut  les  obtenir  qu'en  fonction  de  sa  propre  vision. 

Quand  il  pose  une  touche  sur  sa  toile,  il  la  voit 
telle  qu'il  l'a  imaginée,  mais  rien  n'indique  que  nous  la 
voyons  telle  qu’il  la  voit.  On  comprend  ainsi  la  complexité 
d'un  travail  de  restauration  dont  l'auteur  est  confronté  à 
un  objet  en  l’occurence  l’oeuvre  d’art  dont  le  sens  appartient 
à  l’histoire  de  l’époque,  à  la  lumière  de  la  dite  époque  à 
la  vision  de  l’artiste  aux  deux  sens  de  l’expression  :  vision 
à  support  physiologique  et  vision  mentale . 

Bien  entendu,  que  la  couleur  soit  ou  non  subjective, 
il  n’en  reste  pas  moins  qu'elle  semble  plaquee  a  l’objet  qui 
est  1 ’ oeuvre  d ’ art . 

L’artiste  ou  le  restaurateur  ou  le  simple  spectateur 
doit  se  comporter  en  face  du  tableau  comme  spectateur  d’un 
objet  situé  dans  son  champ  visuel  et  en  dehors  de  lui. 


En  conséquence  il  va  s'apercevoir  très  vite  que, 
suivant  l’objet  de  son  environnement,  la  couleur  ne  presente 
pas  les  mêmes  caractères. 

Le  plus  souvent  la  couleur  semble  une  proprie cé  de  la 
surface  des  objets  qui  aide  a  leur  identification  et  parti¬ 
culièrement  dans  le  cas  des  peintures  à  leur  définition  même. 

Plus  rarement  la  couleur  n’appartient  pas  a  la  surface 
des  objets  mais  à  leur  volume,  par  exemple  le  bleu  du  ciel 


ou  le  rouge  d'un  vin  et  on  perçoit, bien  qu'il  y  a  là  une 
différence  de  nature  perceptive,  infin  et  cela  est  encore 
plus  rare  la  couleur  semble  une  caractéristique  de  la  lumière 
émise  par  certaines  sources  telles  que  les  étoiles. 

On  peut  donc  dire  que  l'une  des  fonctions  les  plus 
importantes  de  la  vision  humaine  est  celle  do  '-'balayer"  les 
surfaces  colorées,  au  sens  le  plus  large  de  l'expression; 
un  champ  de  blé  ondulant  sous  le  vent,  étant  considéré  comme 
une  surface,  de  meme  qu'une  prairie,  alors  nue  ces  deux 
surfaces  sont  l'ensemble  de  myriades  de  peines  surfaces 
des  tiges  ou  des  brins  d'herbes. 

liais  l'oeil  s'accomode  fort  bien,  avec  la  distance, 
d'une  définition  plus  simple  qui  est  celle  de  surface  globale 
et  lui  attribue  ainsi  une  couleur  d'ensemble. 

Ce  phénomène  qui  semble  une  banalité  de  notre  vie 
courante  devient  aussitôt  un  problème  dès  que  nous  essayons 
d'en  préciser  les  mécanismes.  Disons  donc  quelques  mots  de 
la  couleur  des  surfaces,  car  ici  c'est  le  problème  le  plus 

important . 


Couleur  des  surfaces. 

Pour  le  sens  commun  un  objet  colore,  rouge  par  exemple, 
semble  différer  d'un  objet  blanc  par  l'addition  de  quelque 
chose  à  sa  surface.  C'est  naturellement  une  erreur.  1  ooj^t 
blanc  diffuse  à  peu  près  également  toutes  les  radiations  de 
la  lumière  qui  l'éclaire,  tandis  que  l'objet  rouge  ao^oroe 
les  radiations  de  courtes  longueurs  d’onde  du  spectre  visible 
et  ne  renvoie  que  les  grandes,  couleur  résuxüo  donc  a  une 
soustraction  ou  d'un  affaiblissement  de  certaines  ladiaoions. 
Précisons  que  les  radiations  visibles  qui  agissent  sur  la 
rétine  humaine  sent  comprises  entre  les  longueurs  onde 
400  et  700  nm  (nm  =  nanomètre  =  10  mètres  =  un  milliar¬ 
dième  de  mètre).  Naturellement  ces  radiations  provenant  de 
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artificielles  transportent  de  1 ' énergie  et  pour  connaître 
cette  énergie  il  suffit  de  disperser  la  lumière  blanche  par 
exemple  au  moyen  d'un  prisme  et  de  placer  sur  les  divers 
faisceaux  obtenus  grâce  à  cette  dispersion,  un  récepteur 
d ' energie . 

On  constate  que  pour  une  lumière  blanche  les  valeurs 
obtenues  pour  chacune  des  radiations  diffèrent  peu  l'une  de 
1 ' autre , tandis  que  pour  une  lumière  colorée  les  différences 
peuvent  être  très  grandes.  On  peut  tracer  une  courbe  dont 
chaque  point  représente  une  valeur  d'énergie  en  fonction  ue 
la  longueur  d'onde  de  la  radiation.  C'est  ce  que  l'on  appej-u: 
la  courbe  de  répartition  énergétique  spectrale  de  cette 
lumière.  Cette  courbe  définit  ainsi  physiquement  l'émission 
de  la  source,  bn  ce  qui  concerne  les  surfaces,  on  ne  procède 
pas  exactement  de  la  même  manière.  On  éclaire  la  surface 
successivement  par  chacune  des  radiations  d'une  lumière  bien- 
che  après  avoir  pris  soin  de  la  disperser.  Ce  que  le  récepteur 
d’énergie  mesure  cette  fois  c'est  le  rapport  entre  ce  que 
renvoie  la  surface  et  ce  qui  arrive  sur  elle.  Le  r.apport  ob¬ 
tenu  est  ce  que  l'on  nomme  facteur  spectra.1  de  reflexion  en  ré¬ 
gna  par  fy  .  Le  petit  signe  X  qui  symbolise  généralement; 
la  longueur  d'onde  en  physique,  signifie  que  le  rapport  donne 
par  l'appareil  qui  fait  la  mesure  concerne  la  radiation  cie 
longueur  d'onde  A  triée  dans  le  spectre. 

bn  faisant  défiler  ainsi  toutes  les  radiations,  on 

obtient  encore  une  courbe.  C'est  la  courbe  du  facteur  spectra. 

de  réflexion  P  .  Cette  courbe  définit  physiquement  la 
\A 

couleur  de  la  surface. 

Cette  courbe,  qui  est  très  importante,  permet  de 
connaître  la  couleur  de  la  surface  qui  sera  vue  par  un  oeil 
normal  dès  que  l'on  connaîtra  la  lumière  qui  l'éclaire. 

Par  exemple,  si  une  surface  représente  une  courbe 
ayant  la  forme  suivante  : 
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On  sait  immédiatement  qu'elle  sera  vue  verte  par  un  observa¬ 
teur  normal  si  elle  est  éclairée.,  par  une  lumière  blanche 
quelconque.  Comme  gene míeme nt  on  apprécie  une  surface,  soit 
à  la  lumière  du  jour,  soit  sous  un  éclairage  dit  blanc  tel 
que  celui  des  lampes  à  incandescence,  on  ne  s'occupe  généra¬ 
lement  pas  de  l'éclairage  et  on  désigne  automatiquement  la 
couleur  de  l'objet  par  sa  tonalité  rouge,  verte,  ble^e f 
etc  ..  sans  se  rendre  compte  qu'il  en  est  ainsi  précisément 
grâce  à  l'éclairage,  l'objet  substituant  à  la  lumière  qu'il 
reçoit  les  radiations  nécessaires  à  la  vision  qu'on  a  de  lui 

en  fonction  de  sa  courbe  p  et  de  l'oeil  qui  possède  sa 

q\ 

propre  sélectivité. 


Il  n'est  pas  nécessaire  de  développer  davantage  ces 


considérations  pour  se  rendre  compte  de  la  complexité  du 
problème  de  la  vision  des  couleurs. 


bien  que  l'objet,  en  l'occurence  l’oeuvre  d'art,  soit 


nécessaire  pour  moduler  l'énergie  "lumineuse"  qu'il  reçoit, 
il  n'en  reste  pas  moins  vrai  que  la  sensation  de  couleur  est 
purement  subjective.  L'intervention  du  mécanisme  physiologi¬ 
que  est  au  moins  aussi  important  que  l'objet  lui -même . 


Il  était  nécessaire  de  rappeler  cet  aspect  de  la 


question,  car  si  l'oeuvre  d'art  a  été  exécutée  une  fois  pour 
toutes  par  un  artiste,  son  voyage  à  travers  l'histoire  est 
souvent  émaillé  d'aventures  qui  la  confrontent  à  l'action 
nocive  de  la  lumière,  et  des  agents  atmosphériques,  sans 
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perception  de  la  couleur  se  modifie  avec  le  niveau  lumineux. 

toutes  ces  propriétés  pressenties  et  analysées  par  les 
Physiciens  il  y  a  plus  d'un  siècle,  n'ont  été  étudiées  d'une 
fo.çon  approfondie  que  depuis  quelques  années,  mais  il  reste 
encore  beaucoup  -,  faire  peur  cerner  complètement  le  phénomène 
de  la  couleur.  Néanmoins  la  solution  n'est  probablement  pas 
très  éloigné e .  Les  peintres  du  20ème  siècle  n'ignorent  plus 
ces  lois  subjectives  de  la  vision  et  ils  les  utilisent  large¬ 
ment  avec  succès  et  le  fait  nous  parait  important  car  il 
existe  davantage  à  l'heure  actuelle  une  possibilité  de 
communication  du  scientifique  avec  l'artiste,  bien  qu'il  y 
ait  eu  un  précédent  célèbre  avec  CI&JVrdjUL  et  les  peintres 
o'SüRàT  <x  jJj^LAÜNaY.  dette  possibilité  de  com;  mini  cat  ion  doit 
être  fructueuse  autant  pour  la  création  que  pour  la  protec¬ 
tion  des  oeuvres  et  l'assurance  plus  grande  de  leur  pérennité. 
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nal  periods  of  n  double  length  are  thought  relevant,  simply 
because  existing  traditional  educations  are  being  put  on  top 
of  each  other  -  you  make  a  cabinetmaker  first  and  then  you  turn 
him  into  a  scientist.  .¡e  need  both  the  cabinetmaker  and  the 
scientist  but  not  necessarily  one  man  who  is  both.  If  anybody 
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Application  des  Phénomènes  optiques 
à  la  Restauration  des  Peintures 


Bien  que  le  titre  donné  à  cet  exposé  paraisse  assez 
simple,,  il  recouvre  un  domaine  tellement  vaste  et  complexe 
qu'il  est  impossible  de  le  faire  correctement  dans  le  cadre 
étroit  qui  malheureusement  s’impose  ici.  Nous  avons  opte 
pour  un  survol  de  quelques  notions  afin  de  montrer  qu’il 
existe  bien  un  problème  intéressant,  notamment  pour  les 
peintures  dites  du  20ème  siècle,  car  les  études  sur  la  vision 
des  couleurs  et  la  colorimétrie  peuvent  permettre  de  suivre 
l’évolution  d’un  tableau  à  partir  de  sa  définition  première, 
de  porter  remède  à  certaines  atteintes  du  temps  par  les 
agents  atmosphériques  polluants  ou  simplement  par  la 
lumière  elle-même . 

est 

Le  rêle  du  restaurateur,  qui  plus  qu'un  autre  confronte 
à  ces  problèmes  devient  plus  important  dès  l’instant  ou  des 
moyens  scientifiques  sont  à  sa  portée  et  dans  le  cas  du 
20ème  siècle  où  il  peut  établir  un  dialogue  avec  l’artiste 
lui -même . 


Une  couche  picturale  représente  l’un  des  3  éléments  de 
l'ensemble  :  (source  d’éclairage,  objet  diffusant,  oeil  de 
l'observateur)  sans  lequel  il  n'est  pas  de  couleur 
concevable . 

La  couche  picturale,  avec  son  support  constitue  un 
modulateur  de  lumière  ou  plus  exactement  d’énergie,  laquelle 
se  transforme  en  sensation  de  lumière  et  plus  généralement 
en  sensation  de  lumière  colorée. 

ne 

Ceci  constitue  pas  en  soi  une  innovation,  mais  le  fait 
de  prendre  parfaitement  conscience  de  ces  j  éléments  permet 
sans  entrer  dans  la  technique  de  l'artiste  de  lui  apporter 
des  éléments  scientifiques  susceptibles  de  lui  permettre  de 
mieux  comprendre  son  processus  de  création;  mais  la  où  la 


compréhension  des  phénomènes  optiques  apporte  une  aide 
substantielle,  c'est  dans  la  restauration  des  peintures» 

L'apport  de  peinture  obéit  en  effet,  soit  à  des  lors 
additives  soit  à  des  lois  soustractives  suivant  la  méthode 
employée  et  par  conséquent  elle  depend  de  la  composition 
spectrale  de  la  lumière  d'éclairage  et  de  la  manière  d'appli¬ 
quer  la  peinture,  soit  par  points  en  synthèse  trichrome  sort 
par  couches  en  synthèse  dite  soustractive.  La  colorimétrie 
nous  aide  à  comprendre  l'importance  relative  de  ces  phéno¬ 
mènes  et  par  conséquent  est  loin  d'être  superflue. 

Nous  donnerons  ainsi  dans  cet  exposé  quelques  notions 
de  vision  des  couleurs  et  de  colorimétrie  appliquées  aux 
problèmes  de  la  restauration. 

Trivariance  visuelle . 

Il  est  difficile  sinon  impossible  de  donner  dans  un  exposé 
aussi  bref  que  celui  qui  est  attendu  içi  une  description  us 
l’ensemble  des  éléments  qui  ont  conduit  à  cette  réalité 
expérimentale  s  la  trivariance  visuelle. 

Nous  pouvons  résumer  cette  propriété  en  disant  sommai¬ 
rement  qu'il  est  possible  de  reproduire  par  l'addition  de 
trois  lumières  judicieusement  choisies,  l'aspect  d'une 
lumière  quelconque  pourvu  que  celle-ci  ne  soit  pas  une 
lumière  Spectrale',  c'est-à-dire  une  lumière  telle  que  celles 
qui  sont  obtenues  par  la  dispersion  de  la  lumière  blanche  au 
moyen  d'un  prisme.  Sn  dehors  de  ces  cas  particuliers  l'expé¬ 
rience  prouve  que  toute  lumière  peut  être  reproduite  visuel¬ 
lement  par  une  synthèse  additive. 

Nous  allon  schématiser  ceci  par  l'expérience  suivante» 


•  ••/•••  3 


1  -2 

E  '  et  ti  sont  deux  écrans  diffusants  par  exemple  2  cartons 

1 

blancs  faisant  un  coin  entre  eux.  L'écran  1  est  éclairé  par 
une  source  lumineuse  3  quelconque  pourvu  qu'elle  ne  soit  pas 
monochromatique,  c'est-à-dire  formée  d'une  seule  radiation 
ou  si  l'on  veut  d'une  seule  couleur  pure. 

p 

L'écran  E~  est  éclairé  par  trois  sources  lumineuses 
12' 

S  ,  S  ,  SJ  qui  peuvent  être  ou  non  monochromatiques. 

On  prend  la  précaution  de  placer  devant  les  pinceaux  lumineux 
s\  3^,  respectivement  des  appareils  r\  R^,  destinés 
à  régler  les  intensités  de  ces  lumières  dans  de  larges 
proportions . 


Résultat  : 

L'expéfflemce  prouve  que  l'oeil  étant  placé  en  0  et 

recevant  à  travers  un  trou  de  l'écran  S  la  lumière  diffusée 
12 

par  E  et  par  u  peut  obtenir  une  identité  parfaite  de  l'aspecl 
1  2 

des  écrans  E  et  E  par  un  réglage  convenable  des  ;  lumières 

cP  ci  2  ob 

O  y  O  y  O  t 

On  dit  qu'il  a  réalisé  une  équation  colorimétrique  que 
le  physicien  écrit  : 

o  E  ,  o  2  «3 

Non  seulement  il  y  a  identité  d'aspect  coloré,  mais 
également  identité  de  luminosité  ou  en  parlant  comme  le 
physicien,  de  luminance. 

Si  l'on  supprime  l'une  des  sources  il  n'y  aura  jamais, 
à  une  exception  près,  possibilité  d'obtenir  cette  égalisation. 

4  A  .  , 

L'autre  part  si  l'on  place  une  source  o  du  même  cote 
que  S  ,  o  ,  ,  il  y  aura  alors  un  nombre  considérable  de 

possibilités  de  réaliser  l'équation.  On  arrive  ainsi  à  la 
conclusion  suivante  :  3  lumières  sont  nécessaires  et  suffi¬ 
santes  pour  assurer  la  synthèse  d’une  lumière  quelconque 

(ou  presque) 


4 


Nous  ne  pouvons  entrer  dans  le  détail  des  theories 
colorimétriques  et  nous  renvoyons  au  spécialiste  auquel  nous 
nous  sommes  adressé  pour  montrer  qu’il  y  a  des  exceptions. 

En  fait  il  n'y  a  nd  1  except  ions ¡i  que  pour  les  lumières 
monochromatiques . 

Mais  une  fois  les  lumières  3,3",  3V (dites  P^i^aires) 
choisies,  on  peut  reproduire  une  très  grande  quantité  de 
lumières  à  l’exclusion  de  certaines  autres  que  l’on  pourra 
d'ailleurs  obtenir  en  changeant  de  primaires. 

Ce  qui  se  passe  pour  les  lumières  quand  on  fait  une 
synthèse  trichrome,  se  produit  également  pour  les  peintures, 
car  un  point  coloré  sur  un  tableau  n’est  pas  autre  chose 
qu'une  source  de  lumière,  mais  ici  la  lumière  est  une  source 
secondaire  en  ce  sens  qu'elle  ne  produit  pas  l’energie 
elle-même,  mais  elle  la  renvoie  vers  l'oeil  avec  ses  carac¬ 
téristiques  propres. 


Quelles_sont  les^caractéristiques^  d^une  peinture? 

La  peinture  est  un  matériau  doué  de  propriétés 
physico-chimiques  et  ce  qui  nous  interesse  ici  ce  sont  les 
interactions  matière -lumière . 

Il  nous  faut  donc  connaître  le  comportement  des  maté¬ 
riaux  utilisés  vis-à-vis  de  la  lumière  qui  les  éclaire,  mais 
aussi  de  l'oeil  qui  les  regarde. 

Le  problème  du  restaurateur  n'apparait  pas  alors  simple, 
mais  il  devient  plus  sûr  dans  la  mesure  ou  les  lois  de  mélan¬ 
ges  optiques  sont  mieux  connues  et  il  peut  mieux  orienter 
son  travail  pour  aboutir  à  la  retouche  la  plus  appropriée. 


Ainsi  la  couche  picturale  étant  posée  sur  une  prepa¬ 
ration  peut  être  analysée  au  moyen  d'un  appareil,  le  spec- 
trophotomètre ,  qui  va  nous  donner  longueur  d'onde  par 
longueur  d'onde  la  valeur  de  l'énergie  renvoyee  vers  l'oeil 
de  l'observateur. 
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L'ensemble  des  valeurs  obtenues  constitue  la  fiche 
d'identité  de  ce  matériau,  c'est-à-dire  les  caractéristiques 
intrinsèques  de  son  comportement  vis-à-vis  de  la  lumière. 

Nous  ne  pouvons  pas  entrer  dans  le  développement  des 
théories  colorimétriques ,  mais  nous  pouvons  dire  qu'à  partir 
des  valeurs  obtenues  au  spectrophotomètre ,  on  peut  déterminer 
quelle  sera  la  couleur  vue  par  un  oeil  normal  (l'oeil  moyen 
de  la  commission  internationale  de  l'éclairage  de  19o1)  sous 
un  éclairage  précisé  à  l'avance  et  par  conséquent  la  repérer 
au  moyen  de  trois  nombres.  C’est  le  rôle  des  techniques 
colorimétriques . 

Bien  que  nous  ne  puissions  dès  maintenant  préciser 
quelle  sera  l'importance  de  ces  notions  de  colorimétrie  pour 
l'avenir,  nous  pouvons  affirmer  que  la  synthèse  trichrome 
faite  par  l'oeilamoyen  de  couleurs  primaires  possède  ses 
propres  lois  qu'il  nous  est  possible  d'analyser  et  par 
conséquent  de  maîtriser  en  vue  d'un  travail  déterminé. 

Ce  que  nous  savons  avec  certitude  c'est  que  l'oeil 
travaille  en  synthèse  trichrome  au  niveau  physiologique  et 
que  par  conséquent  la  restauration  a  beaucoup  à  attendre 
des  études  qui  seront  entreprises  et  poussées  dans  le  domaine 
des  phénomènes  optiques  liées  à  la  vision  des  couleurs. 

D'une  part  la  colorimétrie  des  ploient  s  permettra  de 
repérer  les  couleurs  les  plus  judicieuses  à  utiliser,  d'autre 
part  le  restaurateur  pourra  déterminer  quelle  est  la  lumière 
la  mieux  adaptée  à  son  travail,  lumière  qui  devra  d'ailleurs 
être  de  préférence  identique  à  celle  sous  laquelle  le  tableau 
sera  vu  quand  il  sera  exposé. 

Là  en  effet  se  place  un  problème  que  nous  ne  pouvons 
entreprendre  ici  qui  est  celui  du  métamérisme,  c'est-à-dire 
pour  simplifier  de  la  variation  des  couleurs  en  fonction  de 
l'éclairage,  variations  qui  ne  se  traduisent  pas  uniquement 
des  différences  mineures,  mais  qui  peuvent  faire  perdre  à  un 
tableau  toute  sa  réalité. 


•  *  •  /  *  •  . 


°i  la  r -Suturation  peut  attendre  beaucoup  des  etudes 
c olor ima trique s  et  des  recherches  sur  la  vision  des 
couleurs,  elle  n'en  a  pas  moins  depuis  longtemps  utilisé 
les  propriété  s  additives  de  la  vision . 


La  restauration  effectuée  par  nous,  utilise  largement 
la  trivariance  visuelle  et  constitue,  s'il  en  était 
besoin,  une  preuve  de  la  r  ¿alite  de  cette  trivariance. 

Ln  effet  dans  notre  pratique  quotidienne  de  la  retouche, 
nous  évaluons  la  complexité  de  la  couleur  qui  se  présente 
a  nous,  et  nous  plaçons  sur  la  préparation  les  touches 


nécessaires  qui  constituent  l’une  des  primaires  de  la 
synthèse  qui  va  être  effectuée  par  l'oeil,  puis  la  deuxiè, 
primaire.  Cela  nous  permet,  par  une  approche  très  fine, 
de  jouer  avec  la  lumière  du  fond  et  de  poursuivre  la 
svnthese  par  addition  d'une  troisième  primaire  dont  la 
quantité  nous  est  immédiatement  suggérée  par  l'évoiution 
de  la  couleur  obtenue . 


bien  entendu  quand  les  couleurs  sont  très  pures, 
souvent  deux  composants  sont  suffisants  pour  réaliser 

la  synthèse  nécessaire  et  ceci  par  une  approche  très 
fine . 


On  peut  conclure  ce  bref  exposé  en  disant  que  les 
lois  optiques,  que  bien  des  peintre  du  20ème  siècle 
ont  utilisées,  en  particulier  celle  des  contrastes 
simultanes  exposées  par  Chevreul  quand  elles  sont  bien 
comprises  et  bien  utilisées,  fournissent  à  la 
restauration  des  possibilités  très  grandes  que  nous 
utilisons  chaque  jour  pour  un  travail  de  grande  qualité 
au  point  de  vue  optique . 
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INT  ROBU  CT  I  ON 


Although  a  very  great  many  museum  directors  remain  comfortably  ignorant  of 
the  illumination  levels  in  their  galleries  and  have  not  obtained  the  cheap 
equipment  required  to  survey  their  situation,  the  size  of  this  majority  is  now 
decreasing  quite  rapidly.  Certain  directors  are  energetically  following  up  the 
need  for  conservation  against  damage  by  light. 

Many  delegates  to  this  ICOM  Conference  will  be  continuing  on  to  the 
Gulbenkian  Museum  in  Lisbon.  Whether  they  like  the  lighting  there  or  not,  they 
cannot  but  agree  that  a  very  great  deal  of  care  has  been  taken  in  the  lighting 
control,  with  the  need  for  conservation  fully  recognized. 

Particularly  notable  also,  in  an  ICQM  context,  is  the  opening  in  February 
I972  of  the  partially  completed  Musée  National  des  Arts  et  Traditions  Populaires 
in  Paris .  This  museum  was  conceived,  planned,  and  directed  until  1967  ^y  George- 
Henri  Riviere,  founder-director  of  ICÖM.  It  is  net  surprising,  therefore,  that 
lighting  and  air-conditioning  are  controlled  to  the  highest 

c ons e rva t ion  s t andar ds . 

Luring  the  period  since  the  last  meeting  of  the  ICON  Conservation  Committee 
in  Amsterdam  two  important  reports  on  conservation  and  museum  lighting  have  been 
published,  in  the  U.K.  and  in  France. 

The  first  of  these  (Lighting  of  Art  Galleries  and  Museums,  Technical  Report 
no.  14  of  the  Illuminating  Engineering  Society,  York  House,  Westminster  Bridge 
Road,  London  SEI.  1970)  resulted  from  the  initiative  of  Mr  J  .B .  Harris, 

Lighting  Adviser  to  the  U.K.  Department  of  the  Environment,  who  chaired  a  mammoth 
series  of  committee  meetings  between  representatives  from  museums,  industry,  the 
DOE  and  the  Arts  Council. 

The  second  report  ("La  Lumière  et  la  Protection  des  Objets  et  Specimens 
Exposées  dans  les  Musées  et  Galleries  d*Art",  published  in  Lux  no.  63,  June  197l) 
was  compiled  by  the  French  National  Committee  of  ICÖM,  and  owes  much  to  the 
guidance  of  M.  Gaymard.  The  two  reports  agree  on  basic  conservation  essentials, 
notably  on  the  recommendation  to  eliminate  ultraviolet  radiation  and  on  the 
adoption  of  the  two-category  I50/5O  lux  illumination  level  maximum. 

Members  of  the  ICOM  Conservation  Committee  represented  on  these  two 
committees  were  N  „S  .  Brommelle  and  G.  Thomson  (TJ.K.)  and  L.  Gaymard  (France). 
There  is  naturally  much  discussion  at  ICGM  meetings  of  action  at  an  international 
level .  Our  own  Working  Party  should  perhaps  consider  whether  the  time  is  ripe 
for  ICOM  to  issue  international  recommendations  on  control  of  museum  lighting 
for  conservation. 

On  balance  it  is  my  opinion  that  such  a  step  would  be  premature,  for  the 
following  reasons . 

(l)  In  general,  action  can  be  taken  at  the  museum,  national  or  international 
level.  There  must  usually  have  been  some  work  at  the  museum  level  before 
national  action  becomes  appropriate,  and  in  this  natural  sequence  international 
action  comes  last.  However  international  action  can  be  timely  just  as  soon  as 
national  agreement  has  been  established  in  one  or  two  countries.  ICQM  is  now 
in  a  position  to  give  lighting  advice  based  on  the  two  reports  mentioned  above 
and  in  addition  on  a  number  of  IIC  publications.  Until  one  or  two  more  countries 
have  committed  themselves  I  think  we  need  go  no  further. 
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(2)  The  150/50  lux  recommendations  have  been  put  forward  as  a  basis  for  action 
while  more  knowledge  of  damage  by  light  is  acquired.  They  are  not  based  on 
numerical  formulae,  but  are  an  attempt  to  balance  the  need  for  good  viewing 
against  the  need  for  good  conservation.  These  levels  can  therefore  be  contested 
as  soon  as  new  information  is  presented  concerning  either  (a)  the  relation 
between  light  levels  and  viewing,  and  (b)  rates  of  damage  by  light  in  museums. 

Mr  Brommelle's  contribution  to  this  forking  Party  will  clarify  the  first 
issue  (a).  My  own  interest  during  the  last  few  years  has  been  on  (b),  so  that 
the  next  section  of  this  report  will  be  concerned  with  the  measurement  of 
colour  change. 

One  need  hardly  stress  that,  in  spite  of  the  need  for  data,  to  ignore  the 
control  of  light  in  museums  where  delicate  material  is  on  display  would  obviously 
be  an  irresponsible  policy.  Though  we  have  much  to  learn  on  how  quickly  colours 
change,  the  fact  that  very  many  important  works  of  art  have  been  and  are  being 
damaged  by  light  in  museums  is  iycontestible . 


MEASUREMENT  OP  COLOUR  CHANGE 

Since  any  means  of  preventing  colour  changes  on  paintings  is  of  very  great 
importance  it  has  been  recognized  for  some  time  that  it  is  desirable  to  record 
colour  in  such  a  way  that  changes  can  be  measured  (l,  2). 

Up  to  now  two  things  have  deterred  the  setting  up  of  such  a  programme: 
inadequacy  of  instrumentation,  and  the  natural  reluctance  of  any  research  worker 
to  start  an  experiment  knowing  that  he  is  unlikely  to  be  present  in  the  museum 
(or  even  on  earth)  when  really  useful  data  start  coming  in’. 

Nevertheless,  in  order  to  plan  rational  environmental  control,  we  must 
know  what  colours  are  changing,  how  fast  they  are  changing,  and  which  factors 
in  the  environment  affect  this  rate . 

The  colour  at  any  point  on  a  painting  can  be  measured  as  a  reflectance 
spectrum,  which  is  a  curve  showing  the  proportion  of  light  reflected  at  every 
wavelength  through  the  visible  spectrum  (4OO-76O  nanometres) . 

We  plan  at  the  National  Gallery  to  set  up  two  complementary  systems  of 
measurement?  (a)  measuring  the  complete  spectrum  at  chosen  points  on  paintings, 
and  (b)  recording  the  reflectance  of  the  whole  painting  at  6  wavelengths  spaced 
through  the  spectrum  (400,  450»  500,  550,  600  and  650  nanometres).  The  first 
programme  of  development  is  under  the  control  of  Professor  W.D,  Wright  of 
Imperial  College.  It  would  be  inappropriate  to  describe  this  instrument  here 
prior  to  publication  by  Professor  Wright  himself,  other  than  to  say  that  a 
reflectance  spectrophotometer,  designed  for  measuring  colour  change  on  small 
areas  of  paintings  and  recording  the  areas  measured,  is  now  in  a  late  stage  of 
development .  The  second  method  was  devised  at  the  National  Gallery  Laboratory 
and  makes  use  of  photographic  densitometry.  Errors  inherent  in  each  stage  of  the 
measurement  have  been  estimated,  but  the  method  has  not  yet  been  put  to  practical 
use,  though  a  programme  should  be  under  way  by  the  end  of  the  year.  It  is 
briefly  described  below. 

Colour  film  records  colour,  but  not  very  accurately  and  with  a  very  low 
permanence.  Originally  colour  prints  were  made  from  three  black-and-white 
negatives,  each  exposed  through  one  of  three  primary- col our  filters.  Essentially 
this  is  the  method  used  here-  exposures  are  made  on  black-and-white  film,  but 
with  the  three  filters  increased  to  six.  Instead  of  using  wide-band  filters, 


'narrow-band  interference  filters  are  used,  so  that  in  effect  the  record  consists 
of  6  negatives  each  recording  the  reflectance  of  the  whole  painting  at  one  of 
the  6  wavelengths . 

To  convert  the  density  at  any  point  on  one  of  these  negatives  to  a 
reflectance  value  on  the  painting  it  is  necessary  to  have  an  internal  standard. 
This  is  provided  by  a  set  of  8  ceramic  tiles,  ranging  in  neutral  tone  from  black 
to  white.  These  are  placed  beneath  the  painting  so  that  their  images  appear  on 
every  negative.  These  standard  tiles  are  not  expected  to  change  over  a  century 
or  so  (which  can  be  checked  at  any  time  with  a  spectrophotometer),  and  are  used 
to\  plot  the  "characteristic  curve”  of  the  negative  at  the  wavelength  in 
question*  This  characteristic  curve  allows  us  to  interpolate  between  the  density 
steps  provided  by  the  tiles  and  so  arrive  at  the  reflectance  value  v/e  need. 

To  carry  this  out  at  high  accuracy  certain  errors  have  to  be  measured  and 
allowed  for,  notably  unevenneæ  of  illumination  of  the  painting,  variations  in 
exposure,  and  variations  in  emulsion  and  development.  There  are  also 
measurement  errors . 

After  a  period  of  5  or  10  years  .another  set  of  negatives  is  made  under  the 
same  conditions,  and  comparisons  must  now  be  made  between  the  "Old”  and  the 
"hew”  set . 

To  ensure  that  the  sane  small  area  is  being  measured  on  both  Old  and  New 
negatives,  a  comparison  microscope  is  used  in  which  the  two  negatives  can  be 
optically  superimposed,  after  which  the  density  of  a  chosen  area  on  either  Old 
or  New  can  be  read  with  a  photomultiplier. 

Fortunately  we  know  that  only  certain  pigments  used  in  oil  paintings  are 
liable  to  change  under  exposure  to  light.  We  will  therefore  get  a  situation 
in  which  only  certain  areas  of  the  painting  will  have  changed,  and  the  rest  of 
the  painting,  notably  the  areas  surrounding  the  change,  can  be  used  as  a 
standard  of  comparison.  Making  use  of  this  fact  we  can  measure  density  change 
as  a  direct  ratio  between  New  and  Old,  and  thereby  reduce  the  error  to  less  than 
(2  standard  deviations)  at  l^tfo  reflectance.  The  reason  for  this  is  that 
random  variations  in  density  over  the  negative  no  longer  contribute  to  error, 
since  only  one  part  of  the  nega-tive  is  used  for  measurement .  Another  a-dvantnge 
is  tha.t  overall  changes  due  to  dirt  or  varnish  discoloration  are  automatically 
cancelled  out . 

The  accuracy  of  measurement  can  be  rega.rded  as  adequate  -  once  the  areas 
which  have  changed  have  been  identified.  Unhappily  the  problem  of  finding 
small  differences  between  negatives  is  not  yet  fully  solved.  There  is  little 
doubt  that  it  can  be  solved,  but  at  a  greater  cost  than  might  be  supposed. 

Gross  differences  between  two  negatives  (i.e.  differences  involving  perhaps 
2j/o  of  the  reflectance  value)  can  be  spotted  visually  by  such  techniques  as 
superimposing  the  two  negatives  illuminated  by  different  colours,  or  illuminating 
alternately,  or  combining  a  negative  and  a  positive . 

However  for  detecting  fine  differences  there  seems  to  be  no  alternative  to 
scanning  both  images  electronically  and  combining  the  scans  to  obtain  a  difference 
signal.  Why  not  do  this  on  the  original  painting  instead  of  on  its  photographic 
image,  and  store  the  record  directly  on  magnetic  tape,  which  can  be  handled  by  a 
computer?  Such  possibilities  are  currently  being  explored.  If  successful  they 
should  find  conservation  use,  not  only  on  paintings,  but  in  all  cases  where  some 
visible  change  is  to  be  measured. 
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MEASUMŒP  OF  CLIMATE  BTSIIE  THE  LÜSSUM 

Complement ary  to  measuring  colour  change,  the  factors  in  the  climate  which 
cause  the  change  must  be  investigated.  Ve  are  only  doing  half  the  job  if  we 
measure  change  without  also  measuring  the  causes  of  the  change . 

Up  to  now  the  measurement  of  climate  inside  the  museum  has  been  limited 
to  that  needed  for  maintaining  air-conditioning  plus  a  few  special  once-for- 
a.11  surveys.  As  far  as  I  know  no  attempt  has  been  made  to  link  measurement  of 
changes  in  actual  valuable  museum  objects  to  concurrent  measurement  of  the  factors 
which  cause  the  changes. 

Prob  ably  most  conser  «tora  feel  that  they  would^cupboards  full  of  data  with 
no  measurement  of  real  deterioration  at  the  end  of  it  all.  Of  course  this  would 
be  the  happiest  outcome.  Yet  there  remains  the  matter  of  simple  responsible 
housekeeping.  As  soon  as  we  acknowledge  that  we  are  responsible  for  minimizing 
deterioration  we  recognize  the  need  for  a  lot  of  information  on  the  processes  of 
change  which  are  actually  occurring  in  the  museum. 

There  is  no  technical  difficulty  here,  though  some  relevant  factors  in  the 
atmosphere  may  yet  have  escaped  cur  attention  The  capital  cost  of  the 
equipment  described  below  is  about  09,600  and  the  cost  of  staff  time  is  very 
low  since  the  work  is  largely  automatic . 

The  obvious  parameters  to  measure  are  illumination  level,  wet  and  dry  bulb 
temperature  and  air  pollution.  The  measurement  of  these  will  he  considered  for 
an  average  exhibition  room  in  a  museum. 

I 1 1 umination  level 

For  each  para-meter  we  have  to  decide  whether  to  measure  periodically  or 
continuously,  whether  to  integrate  or  to  measure  at  discrete  moments  in  time. 

It  is  now  possible  to  buy  integrating  light-meters,  though  this  facility  may  be 
no  less  expensive  than  continuous  recording  of  illumination  level.  The  latter 
is  preferable  since  it  gives  more  information.  Even  though  the  light  varies 
round  the  room,  a  survey  will  give  us  enough  knowledge  of  this  variation  to 
need  only  one  or  perhaps  two  meters  in  the  room  for  the  continuous  record. 

Exposures  at  any  other  part  of  the  room  can  then  be  estimated. 

Ideally  any  variation  in  the  spectral  energy  distribution  of  the  light 
should  be  on  the  record,  especially  variation  in  ÜV  (e.g.  electricians  may 
forget  to  replace  a  UV  filter)  .  But  the  cost  of  this  further  elaboration  may 
not  be  justified,  since  periodic  checks  of  the  proportion  of  UV  in  the  illumination 
should  suffice . 


Temperature  and  humidity 

Since  hair  hygrometers  are  notoriously  subject  to  drift  and  direct 
electrical  RH  sensors  to  poisoning,  the  most  trouble-free  method  is  by 
measuring  wet  and  dry  bulb  temperatures.  V7e  need  only  replace  the  two  mercury 
thermometers  by  electrical  thermometers.  It  is  feasible  to  use  a  continuously 
aspirated  wet  bulb  with  a  week's  supply  of  distilled  water,  thus  working  on  a 
weekly  maintenance  scheme . 


Air  Pollution 

There  ore  various  alternatives  here.  Firstly,  the  UJ(,  Air  Pollution 
Laboratory  at  barren  Spring  has  devised  a  semi-automatic  method  of  measuring 
smoke  and  sulphur  dioxide  by  aspirating  air  first  through  a  filter  paper  and 
then  through  a  solution  of  hydrogen  peroxide.  Both  smoke  and  sulphur  dioxide 
are  recorded  daily,  but  the  instrument  needs  only  to  be  visited  once  a  week. 

For  sulphur  dioxide  only,  the  old  lead  peroxide  cylinder,  which  can  be 
left  unattended  for  a.  month,  may  even  now  be  most  suitable.  But  there  is  some 
uncertainty  in  converting  its  readings  into  direct  figures  for  concentration 
of  sulphur  dioxide  in  the  air. 

New  developments  are  coming  out  fast.  Sulphur  dioxide  can  now  be 
continuously  and  automatically  monitored  by  flame  photometry.  On  the  other 
hand,  unless  one  actually  needs  variations  in  sulphur  dioxide  through  the  day, 
use  of  this  apparatus  would  be  extravagant  (cost  about  $4,500). 


Bata  logging 

The  information  from  all  these  sensors  must  be  collected  at  a  central 
point  in  a  reasonably  condensed  form.  Bata  logging  involves  automatically 
scanning  the  sensors  in  sequence  at  regular  intervals  arid  converting  their 
rea-dings  into  a  form  suitable  for  recording.  The  final  output  can  be  onto  a 
pen- recorder  (analogue  output)  or,  digitized,  either  typed  or  put  on  tape. 
Information  is  more  condensed  on  magnetic  than  punched  tape,  but  the  equipment 
is  more  expensive.  Bigital  print-out  in  machine-readable  form  (magnetic  or 
punched  tape)  is  versatile,  since  this  output  can  be  processed  automatically 
for  integration  etc .  by  computer,  or  even  by  programmable  desk  calculator. 
Considering  the  man-hours  that  would  ha.ve  to  bo  spent  reading-  and  condensing 
reams  of  pen  record  or  printed  figures,  punched  tape  is  also  probably  the 
cheapest  form  of  recording. 

A  data- logging  package  with  puhehed-tape  output  consisting  of  two  light- 
meters  and  two  wet-and-dry-bulb  hygrometers  costs  about  $9,000.  Sulphur 
dioxide  measurement  cost  is  not  included,  but  this  would  be  small  unless  a 
continuous  record  was  required. 

It  seems  curious  that  while  reams  of  data  arc  recorded  these  days  by  all 
kinds  of  institutions  and  industries  -  da- ta.  which  may  only  be  put  to  trivial 
use  -  museums  with  their  grea.t  responsibilities,  and  even  those  with  large 
purchase  grants,  ha.ve  not  got  very  far  in  chocking  whether  or  net  their  object 
are  s  a„f  e  ly  h  ous  ed . 
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INVESTIGATIONS  OF  PHOTOCHEMICAL  EFFECTS 


By  the  National  Gallery  of  Art  Research  Project 
at  the  Mellon  Institute  of  Science,  Pittsburgh,  Pa.  (USA) 

R.  L.  Feller 

Deterioration  of  Protective  Coatings:  In  the  past,  our  labora- 

% 

tory  has  devoted  considerable  attention  to  the  effects  of  light  on  picture 
varnishes,  particularly  the  oxidation,  linking  together,  and  breaking 
apart  of  the  molecules  that  comprise  thermoplastic  resins.  The  latest 
investigations  on  photochemical  effects  upon  resins y to  be  reported  at  the 
IIC  conference  in  Lisbon,  will  include  data  on  the  influence  of  turpentine, 
film  thickness,  oxygen,  and  oxidation  inhibitors  upon  the  phenomenon  of 
cross  linking. 1  During  Dr.  Stolow's  session  on  Solvents  and  Solvent  Action, 
we  will  also  report  on  the  "strength"  of  solvent  required  to  remove 
coatings  that  have  been  aged  by  exposure  under  glass  to  fluorescent  and 
xenon-arc  lamp  light. ^ 

Fading  and  Discoloration:  With  the  acquisition  of  a  visual- 

region  spectrophotometer  a  number  of  years  ago,  the  Research  Project  set 

about  to  study  some  of  the  most  prominent  problems  with  regard  to  fading 

and  discoloration.  One  of  the  first  projects  completed  concerned  the  long- 
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neglected  phenomenon  of  the  darkening  of  vermilion.  Our  more  recent 
findings  indicate  that  the  process  is  similar  in  many  ways  to  the  behavior 
of  a  number  of  related  sulfides  that  are  also  semi-conductors,  particularly 
that  a  portion  of  the  darkening  is  reversible.  The  overall  reaction  may 


be  of  the  type: 
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in  which  we  find  that  the  normally  slow  reversal  of  Darkened  State  1  to 
the  red  color  of  cinnabar  can  be  hastened  by  gentle  heating. 

New  Pigments  and  Dyes:  Alizarin  possesses  a  degree  of  light¬ 
fastness  of  only  about  4  to  5  when  diluted  with  white  pigments.  We've 
investigated  the  possible  benefit  of  ultraviolet  absorbers  and  oxidation 
inhibitors  either  added  to  alizarin  paint  or  to  a  protective  varnish. 

The  latter  proved  to  be  the  most  effective  way  to  reduce  fading  (Table  1). 
Evaluation  tests  on  new  light-stable  pigments  have  recently  included  so- 
called  "silica-coated"  titanium  dioxide,  lead  chromate  yellows,  and  molybdate 
oranges.^  Silica-coated  molybdate  orange,  exposed  under  glass  on  the  roof 
for  one  year,  showed  a  net  color  change  (AE  MacAdam)  of  only  2.9  compared 
to  a  change  of  32.3  for  the  ordinary  uncoated  variety.  In  the  search  for 
standards  of  highly  durable  paints,  we  find  that  the  best,  when  exposed 
outdoors  for  one  year  in  Florida,  are  frequently  observed  to  change  no  more 
than  about  5  MacAdam  units  in  color  (See  V.  C.  Vesce,  "Exposure  Studies 
of  Organic  Pigments  in  Paint  Systems",  Official  Digest,  December  1959,  Part  2). 
In  the  above  tests,  for  example,  a  silica-coated  chrome  yellow  changed  only 
3.4  MacAdam  units,  and  two  nickel  titanate  yellows .also  being  evaluated, 
changed  only  1.2  and  1.8  units  after  one  year  under  glass  on  the  roof  in 
Pittsburgh  facing  45°  south. 

On  behalf  of  the  American  Artists'  Professional  League  we've 
verified  the  high  degree  of  light  fas tness  of  a  number  of  organic  "toners" 
that  have  been  introduced  in  artists'  paints  in  recent  years.5  Only  materials 
having  a  lightfastness  better  than  BS1006:1971  class  6+  are  considered.  A 
search  is  also  being  made  for  the  most  lightfast  dyes  soluble  in  water  and 
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organic-solvents.  Soluble  colorants  rarely  exhibit  a  degree  of  light¬ 
fastness  greater  than  BS1006:1971  class  3+ but  a  water-soluble  phthalocyanine 
blue,  BASF  Luratin  Supra  Turquoise  Blue  GL, is  of  special  interest  to  us  and 
an  azo  yellow,  GAF ' s  Azosol  Yellow  RCA  (Cl  Solvent  Yellow  13)  conveniently 
serves  as  a  standard  of  minimum  tolerable  lightfastness. 


Discoloration  of  Varnish:  To  conclude  our  studies  of  discolora¬ 
tion,  we've  made  some  preliminary  tests  on  the  color  of  varnishes  and  in¬ 
vestigated  the  long-held  view  that  light  will  bleach  certain  natural  resins. 
The  only  bleaching  noticed  in  the  tests  reported  in  Table  2  is  the  case  of 
an  old  dammar,  and  also  a  coating  of  Elvacite®  2046  (copolymer  of  butyl 
methacrylates);  in  both  perhaps  rem,inants  of  the  solvent  were  bleached. 

Theoretical  Considerations:  Along  with  investigations  of  practical 

problems  of  photochemistry,  consideration  is  being  given  to  theoretical 

aspects,  particularly  with  respect  to  a  standard  way  of  reporting  the  loss 

of  solubility  through  cross  linking  and  observing  the  effect  of  æïtoxidants 

upon  this  phenomenon.  Polybuty lme thacrylate  provides  a  convenient  reference 

1 
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Consideration  of  autoxidation  theory  has  lead  us  search  for 


polymer  for  cross  linking  studies. 


evidences  of  induction  time  in  various  deterioration  processes.  Thus  far 
we  have  found  examples  of  induction  time  in  data  on  embrittlement,  dis¬ 
coloration,  fading,  loss  of  tensile  strength,  oxidation  and  cross  linking. 7 
The  importance  of  these  considerations  to  preservation  science  is  that  we 
are  led  to  understand  that  the  most  effective  protective  measures  that  may 
be  employed  during  the  induction  stage  of  thermal  or  photochemical  oxidation 
are  bound  to  be  different  than  those  needed  during  the  "steady  state"  stage 


of  oxidation  or  at  the  time  past  this  stage  when  oxidation  is  no  longer 
proceeding  at  its  maximum  rate.  Breaking  down  an  oxidation  process  into 
initiation,  propagation  and  termination  steps ,  we  find  that  our  use  of 
antioxidants  to  retard  crosslinking  has  influenced  primarily  the  initiation 
or  induction  stage  and  has  had  much  less  effect  on  the  propagation  reac¬ 
tions,  although  some  "¡¿¿oxidant  systems  do  induce  a  degree  of  chain  breaking 
By  analyzing  oxidative  deterioration  into  induction,  maximum -rate 
or  steady-state,  and  declining-rate  stages,  or  the  initiation,  propagation 
and  termination  steps,  we  should  be  able  to  make  significant  advances  in 
attacking  problems  of  preservation  and  deterioration.  This  analysis,  for 
example,  teaches  us  that  exposure  to  light  shortens  the  induction  time  or 


the  time  needed  to  reach  the  maximum  rate  of  oxidation  in  hydroperoxide 
processes,  but  it  usually  does  not  influence  the  essential  propagation 
reactions  or  the  maximum  rate  of  absorption  of  oxygen.  Such  an  analysis 
reminds  us  to  reconsider  the  thermal  processes  of  deterioration  as  well  as 
photochemical,  for  exposure  to  light  involves  primarily  the  initiation 
step.  Lowering  the  temperature,  and  the  humidity,  and  employment  of  certain 
types  of  antioxidants  are  the  avenues  by  which  we  may  be  able  to  influence 
the  propagation  steps  in  deterioration  as  we  pursue  these  investigations  in 


the  future. 
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TABLE  1 

Fading  of  Treated  and  Varnished  Alizarin/Titanium  White  Paints 

Exposed  Under  Glass  On  Roof 


Paint  Vehicle  Varnish  Rate  of  Fading 


Elvacite®  2046  None  (control)  0.33 
Elvacite®  2046  None  (2%  T328  mixed  in  the  paint)  *  0.31 
Elvacige®  2046  None  (1%  T328,  1.5%  LTDP  mixed  in)  0.30 
Paraloid®  B-72  None  (control)  0.29 
Paraloid®  B-72  Elvacite  2046  +  1%  T328,  1.5%  LTDP  0.22 
Paraloid®  B-72  Elvacite  2046  +  2%  T328  0.17 


T328  is  Geigy  Tinuvin  328  ultraviolet  absorber;  LTDP  is  dilauryl  thio- 
dipropionate  antioxidant. 


TABLE 


Ol— l<fOr— lOOOOi— ICNJCOt— 1 

ooooooOrHcoco<tm 


4_1  lO  cO 

cu 

a  r--  o  o 

Cd  cO  CM  CM 

1Í©  ©  © 


PL,  PL,  PL,  w  w 


X 

pH  Cd  *H 
O  hi  Pm 


LJ 

C 

<u 

cu 

•  • 

o 

0 

co 

«1 

p-H 

• 

0) 

X 

o 

Cl 

o 

1 — 1 

4-1 

0 

CO 

pH 

O'! 

cd 

cm 

i — i 

Cl 

•  • 

4_> 

■u 

lO 

tí 

x 

O 

o 

bû  O 

o 

•H 

rH 

»-H 

m 

(U 

^  PQ 

1 — 1 

cd 

cd 

X 

CU 

o 

X. 

CO 

o 

4-1 

4-1 

>» 

*> 

<U 

<U 

CU 

M 

Cl 

6 

bß 

0 

•rH 

co 

4-) 

U 

o 

*H 

CL 

CO 

Cl 

X 

•H 

4-4 

<U 

X 

CU 

4-4 

6 

CM 

o 

o 

tí 

CU 

1— 1 

bo 

CO 

Cl 

o 

tí 

• 

4-1 

o 

X 

• 

1 — t 

ex 

0) 

■  » 

pH 

o 

X 

o 

53 

c 

n 

cd 

CJ 

*> 

•• 

4-4 

pc. 

CO 

o 

o 

o 

O 

o 

CM 

r- 

r— 1 

pH 

O 

4-J 

O 

o 

cd 

4-1 

o 

*> 

X 

CO 

o 

CU 

cd 

o 

e 

m 

•H 

X) 

«* 

cd 

a) 

CM 

4-> 

X) 

tí 

cd 

4-4 

■H 

CM 

tí 

cd 

o 

B 

CO 

X 

8 

X 

cd 

Ci 

o 

cd 

o 

o 

X 

4-> 

Cl 

tí 

co  bß  cd 
tu  -H  cm 
i — 1  , — i 
O-  px*  i — I 
6  6  0 
cd  cd  o 
co  , — I 


No.  2  to  0.8,  No.  3  to  1.8,  No.  4  to  2.9,  No.  5  to  4.0.  Color  Difference  based  on 
Hunter  L,  a  and  b,  Equations  32  and  32b  in  Deane,  B.  Judd,  "Color  in  Business,  Science 
and  Industry,"  J.  Wiley,  1959,  p.  260. 


IC  OM  COMMITTEE  FOR  CONSERVATION 
Lighting  Subcommittee 


/  7 


Visual  Performance  with  Limited  Illuminance 


N  S  BROMMELLE 


The  difficulties  of  interpreting  what  is  presented  to  the  eye  are  described  by  lighting 
specialists  as  ’’the  visual  task”.  The  museum  visual  task  is  of  the  highest  difficulty 
in  some  respects  but  not  in  others.  Speed  of  response  to  the  visual  stimuli  is  of 
negligible  importance  and  the  visual  task  is  ordinarily  immobile.  The  object  can 

often  be  ’'appreciated"  at  a  range  of  levels  of  task  difficulty  a,  b,  c,  d . 

according  to  the  experience  and  informational  requirements  of  the  observer.  It  is 
possible  to  obtain  satisfaction  from  the  museum  visual  task  even  when  it  is  incomplete, 
by  stopping  at  a  particular  point  in  the  scale,  say  c,  from  inexperience  or  lack  of 
interest.  There  is  also  a  terminal  point  in  the  range  a,  b,  c,  d  .....  beyond  which 
the  observer  need  not  go  unless  he  is  a  technical  specialist.  For  objects  of  art  this 
point  is  the  limit  of  significant  visual  detail  intended  by  the  artist.  To  this  can  be 
added,  especially  in  objects  of  applied  art  the  textures  inherent  in  the  materials  and 
revealed  by  their  treatment  by  the  craftsman.  This  point  may  be  a  matter  of  inter¬ 
pretation  by  the  observer.  For  example  the  artist  may  have  wished  tool  marks  to  be 
seen,  or  not,  or  may  have  been  indifferent.  In  later  interpretation  they  may  be 
considered  to  enhance  the  aesthetic  value,  or  to  be  a  characteristic  feature  of  the 
artist's  work,  and  the  curator  is  required  to  provide  the  conditions  in  which  they  can 
be  seen.  The  visual  task  for  objects  of  historical  and  archaeological  interest  may,  as 
far  as  it  does  not  include  an  artistic  component,  be  different  and,  for  display  as 
distinct  from  research,  needs  only  to  be  lighted  sufficiently  to  reveal  features  which 
illustrate  the  didactic  purpose  of  the  exhibition. 


The  above  requirements,  though  not  necessarily  calling  for  the  highest  level  of  visual 
performance,  may  fall  short  of  fulfilment,  not  only  by  the  limited  light  levels 
required  for  conservation  but  also  by  the  factors  of  presentation.  Dramatic  lighting 
of  a  three-dimensional  object  may  require  sacrifice  of  visibility  of  surface  detail; 
a  wallpaper  of  high  reflectance,  historically  accurate  in  a  designed  interior  may,  for 
reasons  of  adaptation,  make  it  impossible  to  see  the  decorative  detail  of  a  dark 
costume.  It  is  the  purpose  of  this  preliminary  note  to  examine  to  what  extent  per¬ 
formance  is  reduced  by  limitation  of  light  and  to  refer  briefly  to  methods  of  counter¬ 
acting  the  effects,  i.e.  to  achieve  optimum  performance  at  a  given  level. 

The  inspection  of  a  single  object  involves  its  angle  of  subtense  with  the  eye  and  also 
that  of  its  local  background.  Only  in  special  circumstances,  as  with  a  tapestry  or 
large  painting  is  the  angle  of  subtense  so  large  that  the  object  fills  the  field  of 
view.  Consequently  the  luminance  and  colour  attributes  of  the  background  combine  with 
those  of  the  object  in  fixing  the  adaptation  level  of  the  eye  and  the  visual  task 
itself.  The  visual  attributes  of  the  object  are  its  contour,  its  form  in  two  or  three 
dimensions  and  its  surface  features  which,  for  the  present  purpose  consist  of  patches 
of  various  sizes  diminishing  to  fine  detail  of  both  pattern  and  texture  in  a  range  of 
luminance  and  colour.  The  museum  presentation  can  vary  in  complexity  from  large  flat 
objects  in  which  problems  of  local  and  general  surround  are  virtually  absent,  to  a 
miscellany,  in  one  island  showcase  of  three  dimensional  objects  of  widely  differing 
surface  textures  and  detail,  with  a  complex  background  of  local  areas  of  differing 
luminances  consisting  of  lights,  reflections  from  windows,  lamps,  other  showcases  and 
people.  The  visual  performance  consists  in  the  ability  with  which,  under  such 
comparatively  simple  or  complex  conditions,  the  attributes  outlined  above  can  be 
"read"  (to  use  an  ambiguous  expression  common  in  England)  i.e.  apprehended,  at  the 
level  a,  b,  c,  d  etc.  required. 


i . 


Experimental  Evidence 


The  experimental  data  from  scientific  research  have  to  be  examined  from  the  point  of 
view  of  their  relevance  to  the  illuminance  levels  of  museum  display  which  ordinarily 
'-'over  the  range  0  -  1000  lux,  with  intermediate  proposed  maxima  of  50  and  150  for 
ghly  and  less  highly  vulnerable  objects,  following  Thomson's  recommendations  (1)» 
To  estimate  light  levels  used  in  particular  experiments,  the  following  approximate 
conversions  can  be  used: 


Luminance  (l)  is  usually  expressed  in  candela. (cd)  per  cm2.  Conversion  to  apostilb, 
the  luminance  of  a  perfect  diffuser  emitting  1  lumen  per  metre  S  enables  the 
results  of  an  experiment  to  be  referred  to  lux  the  unit  of  illuminance  (1  lumen/m  J, 
bearing  in  mind  that  the  luminance  of  a  reflecting  surface  is  the  product  of  the 
illuminance  and  the  luminous  reflectance.  1  apostilb  =  0.318  candela/m  .  A  unit  of 
luminance  also  used  in  photometric  measurements  is  the  troland,  corresponding^  an 
illuminance  producing  a  luminance  of  1  cd/m2  through  a  pupil  of  1mm  .  /  apostilb  is 
equivalent  to  about  0.8  trolands  so  that  the  order  of  figures  is  about  the  same,  for 
the  purpose  of  estimating  at  a  glance  whether  a  particular  set  of  figures  is  rele¬ 
vant  to  the  museum  situation.  For  example  a  well  known  experiment  by  Purdy  demon¬ 
strates  the  wavelength  shift  produced  by  the  Bezold-Brücke  Effect  in  changing  the 
illuminance  from  10  to  1000  trolands.  This  is  obviously  within  the  museum  range  but 
it  is  easy  to  show  from  the  wavelength-difference  sensitivity  curve  of  Wright  and 
Pitt  that  the  result  close  to  the  threshold  of  discrimination  and  is  unlikely  to 
be  recognised  in  the  luminance  ranges  of  the  museum,  in  a  practical  visual  situation 
Speaking  generally,  small  effects,  dis tinguisable  in  controlled  laboratory  experi¬ 
ments  may  well  not  be  observed  in  the  practical  museum  task,  particularly  when  con¬ 
ducted  at  low  angles  of  subtense  as  a  consequence  of  complicated  factors  of  ocular 
adjustment  and  compensations. 


In  the  outline  of  the  museum  task,  above,  the  contour  of  the  object  need  not  be  dis- 
ussed  in  the  present  context.  It  can  be  emphasised  or  minimised  at  will  by  changing 
„he  magnitude  of  object/ surround  luminances,  though  noting  that  these  changes  may 
alter  the  level  of  adaptation  thereby  influencing  the  perception  of  visual  detail  m 
the  object. 


The  most  important  part  of  the  museum  task  is  the  perception  of  luminance  differences 
in  the  object,  considering,  first,  the  achromatic  aspects.  The  ratio  dL/L  where  L 
is  the  luminance  of  a  surface  and  L  +  dL  that  of  a  surface  which  is  just  perceptibly 
brighter,  is  assumed  to  be  constant  accordingto  Weber's  Law.  In  fact,  under  con¬ 
ditions  of  adaptation,  i.e.  in  which  the  eye  is  adapted  to  L  the  Weber  fraction  con 
tinuously  decreases  as  L  increases,  to  an  asymptotic  limit.  For  a  field  with  an 
angular  diameter  of  several  degrees  an  analysis  by  Moon  and  Spencer  (2)  shows  that 
the  relationship,  in  cd/m2  can  be  given  as  dL  =  C  (0.456  +/LJ 

This  leads  to  the  possibility  of  marking  a  point  in  the  increase  of  L  at which  the 
limit  has  been  reached  within  5 This,  from  Le  Grand  (5)  is  340  cd/m  (1070 
apos tilb) . 


The  improvement  in  visual  performance  with  increase  in  luminance,  and,  in  fact  with 
increase  in  illuminance/  level,  of  which  the  changes  in  dL/L  are  the  most  fundamental 
expression,  within  the  generally  useful  range  of  practical  indoor  activity  is  the 
central  feature  of  visual  task  studies.  It  is  a  matter  indisputable  common 
experience  that  the  appraisal  of  an  object  (as  in  the  museum  task)  and  the  performance 
of  operations  requiring  light  are  more  efficiently  done  at  a  higher  than  a  lower 
illuminance.  "Never  judge  women  and  linen  by  candlelight".  This,  ignoring  the 
psychological  effects  of  colour  temperature  is  the  expression  of  the  high  value  of 
!L/L  at  low  luminance  levels  combined  with  the  effect  of  a  low  adaptation  level  on 
lightness  gradation. 
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In  this  case  there  is  the  complicating  factor  of  low  background  luminance  which  distcr 
the  Munsell  grey  scale  so  that  the  lower  steps  are  spread  out  and  the  higher  ones 
bunched  up,  according  to  Judd.  (4).  Fir.1.  The  simplification  of  tonalities  brought 
about  by  these  effects  is  used  in  the  representation  of  candleligh ted  scenes  by 
Georges  le  La  Tour  and  Houthorst. 


Recent  work,  and  that  of  earlier  investigations,  on  a  range  of  visual  tasks,  has  been 
reduced  by  various  means  to  a  relationship  between  L  and  the  reciprocal  of  dL/L  (the 
con  tras  t  sensitivity  )by  the  Committee  on  Visual  Performance  (E.1.4.2.)  of  the  Commission 
International  de  l'Eclairage  (C.I.E.)  in  Report  No. 18,  In  the  terminology  of  the 
Report,  the  Contrast  Sensitivity  (CS)  is  the  inverse  of  the  value  of  dL/L  required  to 
bring  a  task  to  a  specified  level  of  visibility  or  visual  performance.  It  is 
snecified  in  fact  in  terms  of  Relative  Contrast  Sensitivity  RCS,  a  percentage  of  the 
CS  in  terms  of  the  maximum  possible  value  at  10,000  cd/m2,  it  having  been  found 
experimentally  that  the  change  with  luminance  L  is  small  above  5,000  cd/m2  (Fig. 2). 

Its  characteristic  is  that  jof'  increase  in  RCS  per  unit  increase  in  luminance  is 
large  at  low  levels  of  luminance  but  becomes  progressively  smaller  as  the  luminance  is 
increased.  The  figures  refer  to  Reference  Lighting  Conditions  of  diffuse  illumination 
and  a  visual  field  of  uniform  luminance.  Whilst  the  function  is  somewhat  variable 
depending  upon  the  physical  characteristics  of  the  task,  the  conditions  of  observation 
and  the  individual  observer,  the  Committee  considers  that  the  standard  function  tabu¬ 
lated  in  the  Report  provides  a  reasonable  approximation  for  many  tasks,  in  the  range 
1-10,000  cd/m5. 


In  the  report  this  basic  curve  is  plotted  as  log  RCS  as  a  percentage  against  log  L 
(Fig. 2)  but  I  find  that  it  transforms  to  a  straight  line  over  the  whole  of  the  museum 
range  and  beyond,  when  RCS  itself  is  plotted  against  log  L.  (Fig. 3).  This  obser¬ 
vation  may  or  may  not  be  of  theoretical  significance  but  it  is  useful. 

The  sets  of  data  used  to  derive  this  function  were  of  two  kinds.  The  first,  from 
controlled  laboratory  tests,  mainly  by  Blackwell  and  his  colleagues  in  the  USA  were 
generally  the  detection  of  the  presence  of  a  luminous  disc  of  diameter  4  minutes 
exposed  for  one-fifth  second  duration.  In  other  tests,  more  obviously  related  to  the 
museum  task  the  standard  patterns  of  visual  acuity  experiments  were  used,  involving  the 
resolution,  of  the  Lnndolt  ring  (a  ring  of  specified  thickness— diameter  ratio  with  a 
specified  gap),  parallel  bars,  gratings  and  dot  patterns,  all  exposed  for  one-fifth 
second.  It  was  found  that  both  detection  and  resolution  results  fell  on  the  curve. 

These  tests  were  under  controlled  conditions  of  ocular  adjustment.  The  second  class  of 
experiments  included  more  realistic  tasks  in  which  normal  ocular  movements  were 
possible,  mainly  by  Weston  in  the  UK.  The  results  required  adjustment  from  the  task 
contrast  which  was  of  necessity  supraliminal,  to  that  of  the  visibility  threshold. 

The  results  fitted  well,  down  to  about  10  cd/m2,  but  below  this  gave  less  reduction 
in  RCS  with  reduction  in  L  than  the  curve  predicted. 

The  results  of  work  tasks  by  other  investigators  showed  a  greater  RCS  decrease  than  the 
curve  predicted.  Nevertheless  this  standard  function  was  considered  to  be  a  valuable 
reference  standard. 


The  CIE  report  indicates  from  the  work  of  Blackwell  et  al.  a  significant  lowering  of 
contrast  sensitivity  for  observers  above  age  50.  It  would  be  tempting  to  adduce  that 
older  museum  visitors  needed  more  light  than  younger  ones  to  see  the  significant 
features  of  an  object  but  in  the  museum  task  the  factor  of  speed  of  vision  is  absent 
whereas  it  is  present  in  all  the  data  used  by  the  CIE.  However,  it  will  be  necessary 
in  the  museum  experiments  to  test  the  significance  of  age  as  a  variable  in  the  static 
experiment.  The  CIE  Report  notes  the  need  for  more  data  on  different  national 
populations.  It  is  interesting  to  note,  en  passant,  that  other  workers  have  observed 
changes  in  the  absolute  threshold  dL  when  L=0,  in  observers  overage  50  (3  p.245). 

To  the  extent  that  this  standard  plot  has  relevance  to  the  museum  task  and  it  is  likely 
that  it  has  in  a  general  way,  various  interesting  conclusions  can  be  drawn.  Even  with 
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a  curatorial  staff,  as  at  the  Victoria  and  Albert  Museum,  keenly  conscious  of  the 
damaging  effect  of  light  on  some  objects,  the  conditions  of  display  often  seem  to 
c^l  for  light  levels  greater  than  those  proposed  by  Thomson  (0  and  accepted  by  the 
1RS  in  its  report,  "The  Lighting  of  Museums  and  Art  Galleries',  instead  of  keeping  o 
the  two  proposed  maxima  50  and  150  lux  they  seem  to  prel  er  the  range  150  to  500  lux 
id  particularly  the  region  of  200. 


L-t  us  consider  the  effect  of  doubling  the  Thomson  figures,  thereby  doubling  the 
damage  to  the  objects.  Raising  the  illuminance  from  50  to  100  lux  on  light  ejects 
raises  the  RCS  from  42  to  50$,  a  proportional  improvement  of  only  19/».  ^oubiing 
f ronM50  to  300  (RCS  55  to  62$)  yields  only  12$.  It  can  hardly  be  said  that  he  game 
is  worth  the  candiel  For  dark  objects,  e.g.  reducing  the  Munsell  value  from  10  to  3 
with  a  corresponding  luminous  reflectance  of'C166  (5)  the  RCS  is  reduced  from  42 
U$  at  a  íighlleveí  of  50  lux  whale  with  a  light  level  of  100  lux  the  RCS  is  reduced 
tfl9$,  i^e!  a  proportional  improvement  on  14$  of  37$,  better  than  with  light  colours 

but  still  far  from  100^.  - 


The  conclusion  to  be  drawn  from  these  rough  calculations  is  that,  bearing  m  mind  that 
the  damage  is  doubled  by  doubling  the  illuminance,  the  improvement  m  performance 
obtained  by  doubling  the  illuminance  is  trivial  compared  with  the  great  differences  in 
performance  between  darker  and  lighter  visual  tasks,  unless,  for  some  reason 
detail  on  dark  objects  is  of  exceptional  significance. 


If  it  were,  then  bringing  the  RCS  at  Munsell  value  3  back  to  the  figure  at  Munsell  10 
at  light  level  50  lux  would  require  a  light  level  of  about  700  lux. 


It  would  appear  that  rather  than  attempting  to  improve  the  visual  performance  by 
increasing  the  light  level  at  a  disproportionate  cost  to  the  object  it  is  better 
concentrate  on  choosing  an  appropriate  luminous  reflectance  and  chromaticity  for  the 
background  in  cases  where  background  plays  an  effective  part  in  adaptation.  , 

rele^anTand  overlapping  factor,  the  presence  of  disability  glare  sources  should  be 
etected  and  eliminated.  Neither  of  these  subjects  will  be  discussed  here. 


It  should  be  noted  that  the  above  figures  refer  to  situations  in  which  the  eye  is 
adaDted  to  the  particular  luminance  level  whether  high  or  low.  A  typical  museum  task 
however  ís  of  detail  within  a  dark  patch  against  a  light  background  whxch  provides 
the  Idaptation  luminance,  ^ere  appears  to  be  little  data  on  ttas  important  mat- ter 
apart  from  studies  of  discomfort  glare.  Visual  acuity  tests  by  Lythgoe  (6)  (  ig.4) 

using  Landolt  rings  show  that  visual  acuity  increases  with i^tas^imin^ce  after  which 
(and  presumably  adapting  luminance)  to  a  maximum  close  to  the  task  luminance  ai  ter 

performance  falls  off  sharply» 


The  CIE  Report  is  intended  to  provide  a  basis  both  for  assessing  the  performance  of 
lighting  installations,  and  for  aiding  the  design  of  installations  required  to  provide 

a  particular  level  of  visual  performance. 


The  RCS/L  curve  which  has  been  discussed  above  refers  to  a  standard  reference  lighting 
If  diffut»  illumination  and  a  visual  field  of  uniform  luminance  (the  Reference  Lighting 
r  a  t  The  additional  effects  of  directional  lighting  and  of  spectral  composition 

Conditions)  The  additional  ™  Contrast  Rendering  Factor  CRF  wULch  may  be 

?rSsCor  greater  th^  Í  depending  on’ whether  visual  performance  is  improved  or  not  in 
comparison  with  the  reference  system  which  is  one  of  monochromatic  diffuse  lighting. 

The  effective  RCS  is  then  RCS  X  CRF  at  each  luminance  level. 


Controlled  experimental  work  on  this  factor  is  not  sufficiently  extensive  to  provide 
firm  basis  either  for  the  measurement  of  CRF  or  its  prediction  with  particular 
installation  designs.  The  Museum  task  which  is  the  a!  topSrt. 

not  clarified  by  the  comparatively  vague^trea^ent  of^the  subjec  ^  ^  ^ 

Non-diffuse  lighting  is  essential  or  ty  motions  the  subjective 

of  form  and  protrusive  detail  and  for  providing  specular  reflections,  the  subjective 


apprehension  of  which  is  a  guide  to  the  discrimination  of  sari  ace  texture  and  hence  oi 
the  nature  of  the  reflecting  surfaces.  This  subjective  analysis  is  probably  based  on 
the  spread  of  fringe  reflections  around  the  major  reflection  angle  an  analysis,  in 
effect,  from  experience,  of  surface  detail  below  the  limit  of  visible  resolution  of 
detail.  The  question  arises  whether  this  particular  aspect  of  CRF  itself  varies  with 
L.  In  other  words  is  the  discrimination  of  fine  surface  texture  as  revealed  by 
surface  reflection  quality  enhanced  or  not  by  an  increase  in  light  illuminance? 

Experimental  work  on  the  effect  of  colour  on  visual  performance  is  meagre.  The  effect 
field  size,  chromatic  surroundings  and  luminance  level  on  colour  discrimination 
ellipsoids  in  the  chroma ticity  diagram  have  been  studied  by  Brown  (7).  With  a  2°  field 
and  dark  surround,  chromaticity  discrimination  remains  fairly  constant  for  a  considerable 
range  of  luminance  above  about  1ft  lamber t  and  up  to  10ft  lamber t.  Below  this  the  cross- 
sections  of  the  discrimination  ellipsoids  become  larger  (i.e.  discrimination  falls  off'.. 
This  suggests  that  light  levels  as  low  as  50  lux  on  a  dark  object  might  show  less  colour 
detail  than  higher  levels.  According  to  Thomson  and  Trezona  and  also  Weale  (5)  ty&f- 
ey^r  there  is  a  progressive  deterioration  in  colour  discrimination  ao  the  luminance  io 

lowered. 

A  relevant  factor  in  the  present  study  (of  the  effect  of  light  levels  on  the  appearance 
of  museum  objects)  is  that  changes  in  luminance  in  conditions  of  adaptation  produce 
large  changes  in  colour  saturation  (chromaticness)  for  colours  of  the  same  chromaticity. 
In  other  words,  with  an  adapted  eye  more  brightly  lighted  objects  look  more  colourful. 
This  is  a  factor  of  common  experience.  Hunt  (8)  provides  an  explanation  for  this  in  a 
consideration  of  possible  effects  of  increasing  adaptation  on  the  neural  mechanism, 
which  results  in  sharpening  the  spectral  response  curves  of  the  three  retinal  receptors 
at  high  adaptations.  The  data  of  Hunt,  plotted  in  the  CIE  diagram  show  that,  with 
reduced  luminance  the  decrease  in  chromaticness  is  non  linear,  the  implication  being 
that,  in  a  multicoloured  object  the  colours  change  relatively  to  each  other. 

Hunt's  experiments  were  carried  out  with  foveal  vision  using  a  white  surround  of  the 
same  luminance  as  the  test  stimulus.  The'retural  illuminance  covered  zero  to  6300 
trolands  and  thus  included  the  museum  range.  The  consequence  of  this  effect  for  the 
museum  visual  task  must  be  that  lowered  illumination  for  reasons  of  conservation,  and 
raised  illuminance  for  reasons  of  display  may  both  alter  the  chromaticity  to  an  extent 
that  could  or  should  be  unacceptable  from  being  too  "drab"  or  from  being  too  colourful, 
and  some  distinction  has  to  be  drawn  between  objects  deliberately  coloured  by  the 
artist  and  those  whose  colour  derives  from  natural  materials.  In  the  former  the  light 
level  if  chosen  solely  for  aesthetic  reasons  must  be  a  matter  of  judgment  in  the  absence 
of  the  artist;  with  the  latter  a  lower  light  level  may  be  regretted  as  not  "bringing 
out"  the  colours  whereas  a  much  higher  illuminance  and  adaptation  as  in  a  strongly 
lighted  general  display  seems  to  enhance  for  example  the  colour  of  furniture  unnatural!} 
the  effect  being,  presumably  due  to  the  phenomena  investigated  by  Hunt  and  certainly  not 
to  the  phenomenon  of  "aperture  colours"  in  which  a  coloured  surface  is  brightly  lighted 
in  conditions  of  low  adaptation. 

The  present  subject  is  mainly  that  of  the  effect  of  alterations  in  general  illuminance 
levels,  and  therefore  various  matters  of  vital  importance  to  display,  particularly 
of  colour^  contrast,  colour  adaptation  and  the  effect  of  colour  and  luminance  of  the 
surround  on  such  tasks  as  visual  acuity  will  not  be  discussed.  There  are  numerous 
questions  to  be  answered  in  the  museum  field  with  regard  to  the  problem  of  viewing  the 
object,  on  which  no  systematic  work  has  been  done,  and  the  problems  are  generally  solved 
by  the*  curator  and  display  expert  by  empirical  methods.  Work  on  the  effect  of  back¬ 
grounds  of  varying  luminance  and  chromaticity  on  such  visual  tasks  as  acuity  and 
sensitivity  to  small  colour  differences  has  been  done  by  Lythgoe,  Schonfelder  Brown, 
Foxell  and  Stevens  (6)  and,  more  recently  Eastman  (9).  This  work  is  relevant  and 
applicable  to  museum  problems. 

An  experiment  of  close  relevance  both  to  the  effect  of  illuminance  level  and  that  of 
background  is  planned  at  the  Victoria  and  Albert  Museum.  In  this  experiment  actual 
museum  objects  will  be  presented  to  experienced  curatorial  observers  who  will  be  requin 
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to  ad  nr.-t  to  steps  of  illuminance  level  and  record  the  points  below  which  detail  of 
significance  to  the  specialised  observer  can  no  longer  be  seen.  Illumination  variables 
will  be:  sources  of  high  and  low  correlated  colour  temperatures  and  two  arrangements 
of  lighting  geometry,  viz.  diffuse  illumination  and  the  same  with  an  added  directional 
component  at  a  fixed  angle  with  the  line  of  sight.  Task  variables  will  be,  using  the 
nsell  terms,  a  range  of  backgrounds  consisting  of  five  chosen  hues  (N,  R,  G,  B,  Y) 
with  combinations  of  moderately  high  and  moderately  low  levels  of  hue,  value  and 
chroma.  The  amount  of  time  available  to  museum  personnel  will  make  it  necessary  to 
condense  the  experiment  to  some  extent  in  view  of  the  number  of  permutations  of  the 
above  variables.  A  study  of  such  factors  as  disability  glare  and  transient  adaptation 
(from  eye  movements)  are  not  at  present  in  the  programme.  A  first  series  of  experiments 
will  be  limited  to  a  study  of  the  more  light  sensitive  objects,  which,  apart  from 
costume  are  mostly  two-dimensional. 

Note:  The  CIE  Report  No. 19  on  Visual  Performance  is  not  yet  in  circulation  and  I  have 

used  a  draft  copy  kindly  lent  to  me  by  Dr  J  B  Collins  of  the  Building  Research  Station 
(UK).  Dr  Collins  informs  me  that  he  himself  is  about  to  embark  on  experiments  on  the 
museum  visual  task  and  I  hope  to  effect  a  collaboration.  Whilst  I  have  not  discussed 
details  yet  with  Dr  Collins  it  seems  reasonable  that  some  attempt  should  be  made  to 
adapt  the  experiments  to  the  proposed  systematisation  outlined  in  Report  No. 19  which 
I  have  not  discussed  here  in  detail,  nor  has  Dr  Collins  yet  seen  the  above  preliminary 
notes . 
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The  latest  French  achievements 
in  the  field  of  museum  lighting 


(  a  paper  to  be  distributed  to  the  ICOM  Madrid  meeting,  October  1972  ) 

Che  French  document  on  museum  lighting 

This  document,  entitled  "  Light  and  protection  of  objects  and  specimens  displayed 
in  museums  and  art  galleries  ",  has  been  issued  in  Autumn  1971  . 

Ils  first  chapter  gives  an  account  of  the  properties  of  light  and  of  the  dif¬ 
ferent  kinds  of  radiations  emitted  by  the  various  luminous  sources  .  It  then  exposes 
what  kinds  of  damages  can  be  caused  to  the  different  sensitive  materials  by  infra¬ 
red,  visible  or  ultra-violet  radiations  .  Next,  it  gives  detailed  indications  or  rules 
and  precautions  to^e  observed,  and  also  detailed  recipes  to  be  followed,  to  pro¬ 
vide  in  each  case  and  for  each  kind  of  objects  a  convenient  and  innocuous  illumina  ¬ 
tion  .  This  part  of  the  document  is  elucidated  and  illustrated  by  a  lot  of  plans  and 
sketches,  a  number  of  which  were  taken  from  the  English  IHuminatin^Engineering 
Society's  Technical  Report  on  Lighting  of  art  galleries  and  museums  . 

In  its  last  part,  the  French  report  brings  forward  a  nurno^  ~£  ov~ — 
and  monographies  of  French  and  foreign  installation  *  . 

a  Ii  is  anticipated  to  have  t-v*:  dortir^^i,  translated  into  English  ir*  not  too 
distant  future  . 

The  latest  french  achievements 

Io)  The  Grande  Galerie  "  in  the  Louvre 

This  gallery  is  extraordinarily  oversize  :  length  288  meters 

width  9,  50  m. 

Height  under  translucent  ceiling  10,  50  m. 

Its  long  side  being  East-West,  it  nas  been  necessary  to  provide  in  day-Ume  a 
powerful  illumination  of  the  southern  side,  which  faces  north  .  On  the  other  hand, 
the  night  lighting  is  of  the  same  level  on  both  long  sides  of  the  gallery  . 

For  aesthetic  reasons,  it  has  been  concluded  that  absolutely  no  lighting 
material  should  be  visible  in  the  gallery  :  the  whole  installation  has  thus  teen 
placed  between  the  roof  and  the  translucent  ceiling  . 

This  installation  is  made  of  : 

-  4000  "  Blanc  brillant  de  luxe  "  Ini,  50  long,  65  watts  fluorescent  tubes  . 

-  2000  "  Lumière  du  jour  de  luxe  "  lm,  50  long,  65  watts  fluorescent  tub^ 

The  resulting  light  is  quite  similar  to  daylight,  and  gives  a  very  satisfactory  colour 
r endearing  . 

Dimmers  allow  : 

a)  by  day,  when  the  sky  is  overcast,  to  equilibrate  the  lighting  levels  on  both  So\j*h 
and  North  walls  . 

b)  by  night,  to  provide  the  translucent  ceiling  with  a  uniform  brightness,  in  order 
to  have,  on  the  walls,  an  average  illumination  of  250  watts  initial,  which  has  come 
down  to  150  -  200  through  aging  . 


The  International  Council  of 
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Committee  for  Conservation 


Conseil  International  Tes  Musées 
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LES  RECHERCHES  SUR  LA  TECHNOLOGIE  DES  MASTICS 


EPOXYDES  POUR  COMBLEMENT  DES  DEGATS  DANS  LES 


PIERRES  QUI  ONT  SUBI  DES  ALTERATIONS 


Le  comblement  des  dégâts,  la  reconstruction  des  pertes  et  le 
comblage  des  crevasses  et  des  trous  dans  la  pierre  altérée  pré¬ 
sentent  un  des  problèmes  importants  dans  la  conservation  des 
monuments  en  pierre.  Ce  problème  n'est  pas  jusqu'à  maintenant 
résolu  par  les  méthodes  généralement  utilisées.  Les  matériaux 
et  aussi  les  modes  d'emploi  éveillent  souvent  toutes  réserves. 

Le  comblement  des  pertes  par  la  méthode  nommée  "rapiéçage"  est 
contradictoire  à  cause  de  la  nécessité  d'agrandir  les  dimensions 
des  crevasses  et  des  trous  afin  le  les  former  en  espaces  "géomé- 
trisés"  et  par  la  raison  qu'cn  ne  peut  pas  atteindre  l'uniformi¬ 
té  de  la  rapiêçure  et  de  la  pierre  de  l'objet;  les  pièces  de  la 
pierre  neuve  mise  dans  la  pierre  endommagée  se  séparent  par  la  cou¬ 
leur  plus  claire  et  par  l'encadrement  du  ciment  utilisé  au  but 
de  fixer  la  pièce  ajoutée.  Très  souvent  l'influence  défavorable 
du  voisinage  entre  la  pierre  et  le  ciment  entraîne  1  ' altération. 

On  peut  obtenir  des  résultats  plus  favorables  en  utilisant  les 
mortiers;  là  on  n'a  pas  besoin  d'affaiblir  les  parties  endomma¬ 
gées  des  pierres,  afin  de  les  géométriser. 

L'avantage  le  plus  important  les  mastics  et  des  mortiers  donne 
la  possibilité  de  régler  leurs  propriétés  physiques  et  leurs  qua¬ 
lités  mécaniques  qui  s'adaptent  aux  propriétés  et  qualités  des 
pierres  du  monument  traité.  Comme  par  le  passé  cette  possibilité 
a  été  très  peu  utilisée.  En  général  on  utilise  les  mortiers  et 
les  mastics  de  composition  fortuite;  leurs  propriétés  sont  diffé¬ 
rentes  des  pierres  rfes  monumenls  traités .  Le  plus  souvent  les  res¬ 
taurateurs  s'efforcent  d'obtenir  le  mortier  ou  le  mastic  trop  ré¬ 
sistant  et  trop  compact.  Tels  mortiers  et  tels  mastics  diffèrent 
des  coéfficients  de  la  dilatabilité  thermique  et  sous  l'influence 
des  facteurs  extérieurs  se  produit  l'altération  de  la  pierre.  Les 
mortiers  se  létachent  de  l'empierrement  altéré.  C'est  pourquoi  les 
mortiers  et  les  mastics  impropres  peuvent  accélérer  l'altération 
des  pierres. 


h 


Les  mortiers  et  les  mastics  employés  devraient  avoir  les  proprié¬ 
tés  suivantes: 

1  .  Avoir  la  résistance  pareille,  le  coéfficient  de  la  dilatabi¬ 
lité  thermique  et  la  porosité  analogue  à  la  pierre  traitée. 

2.  Devraient  être  résistants  contre  l'action  de  l'humidité,  c  jn~ 
tre  les  changements  le  la  température  et  contre  les  polluants 
de  l'atmosphère,  de  même  qu'ils  devraient  durcir  sans  contrae - 
tion  et  avoir  une  adhésion  parfaite  à  la  pierre  naturelle. 

3.  Ils  ne  devraient  pas  contenir  de  sels  solubles  dans  l'eau  ou 
d'autres  substances  capables  d'agir  nuisiblement  à  la  pierre. 


I. 

Depuis  une  vingtaine  d'années  le  Laboratoire  Chimique  du  Musée 
National  à  Poznan  en  collaboration  avec  les  instituts  universi¬ 
taires  et  techniques  effectue  le  nombreux  études  et  recherches 
consacrés  à  des  observations  et  à  des  vérifications  sur  l'emploi 
des  différentes  substances  et  méthodes  dans  la  conservation  des 
monuments  et  des  objets  en  pierre.  On  peut  discerner  leux  lieras 
d'évolution  de  ces  recherches.  La  première  contient  les  observ  - 
tions ,  les  examens  et  les  expériences  sur  les  effets  des  conso¬ 
lidations  effectuées  dans  le  passé,  la  deuxième  renferme  les 
recherches  visant  à  vérifier  les  valeurs  effectives  des  conso¬ 
lidations  exécutées  avec  les  résines  synthétiques. 

Dernièrement  nous  avons  effectué  en  collaboration  avec  l'Insti¬ 
tut  .  de  Conservation  des  Biens  Culturels  de  l'Université  N.  Ko— 
pernik  à  Torun  quelques  recherches  complexes  et  communes  afin 
1 ' approf onlir  les  éléments  d'appréciation  d'ordre  scientifique 
et  afin  d'élaborer  les  critères  objectifs  d'évaluation  des  mé¬ 
thodes  de  traitement  des  pierres  altérées. 

Les  méthodes  dont  nous  disposons  maintenant  pour  traiter  les  mo¬ 
numents  en  pierre  sont,  soit  le  finit  des  expériences  remontant 
au  passé  bien  loin  de  nous,  soit  le  fruit  des  diverses  inventions 
contemporaines .  Afin  de  rendre  possible  le  progrès  accéléré  le 
la  technique  conservatrice  il  semble  nécessaire  de  tirer  profit 
des  expériences  anciennes  ainsi  que  des  inventions  contemporaines . 

Nous  avons  ,  résenté  au  colloque  de  l'ICOMOS  et  du  Centro  delle 
Sculture  all'Aperto  à  Bologne,  en  Octobre  passé,  les  résultats 
de  la  recherche  sur  l'affermissement  de  la  pierre  avec  les  so¬ 
lutions  les  résines  thermoplastiques.  Le  présent  rapport  et  le 
second  rapport  commun  contiennent  les  résultats  des  recherches 
sur  les  mastics  utilisés  pour  combler  les  dégâts  et  les  pertes 
du  matériau  des  monuments  altérés. 


1  .  Le  monument  représentatif  que  nous  avons  examiné  dans  le  labo¬ 
ratoire  du  Musée  National  à  Poznan,  était  la  Chapelle  Royale  à 
Gdansk.  La  décoration  sculptée  de  la  façade  a  été  exécutée  en 
pierre,  grès  glaucoli tique  polonais  de  la  carrière  de  Brenna,  par 
un  éminent  sculpteur  du  XVIIème  siècle,  Schlueter. 

Les  décorations  sculptées  d’une  qualité  remarquable  ont  été  ré¬ 
parées  plusieurs  fois  à  partir  de  la  fin  du  XVIIIème  siècle, 
jusqu  *  à  la  3eme  décade  du  XXème  siècle.  On  a  distingué  11  diverse 
sortes  de  mastics  utilisés  pendant  les  conservations  successives 
des  sculptures  dans  le  passé,  exécutées  pour  le  comblement  les 
dégâts  des  sculptures.  L’état  de  la  façade  de  la  Chapelle  Royale 
à  Gdansk  avant  et  pendant  la  conservation  contemporaine  est  pré¬ 
senté  par  les  transparents .  Les  autres  montrent  les  détails  et 
les  lieux  où  nous  avons  pris  les  échantillons  pour  les  recherches 

2.  La  composition  des  mastics  examinés  était  bien  diverse.  Le  ta¬ 
bleau  n°l  présente  des  proportions  de  liants  et  de  charge.  Dans  I 
charge  on  a  trouvé  partout  les  grains  fins  du  sable  de  quartzite. 
En  outre  en  a  trouvé  dans  1  *  échantillon  n.10  du  charbon  et  le  l  a 
brique  broyés  des  fibres  végétales  et  du  crin  dans  les  échantiil 
N. 3a  et  3b. 

Tableau  n°1 


Les  proportions  de  liants  et  de  charge  dans  les  mastics: 


Echantillon  n° 

Le  liant 
parties  vol. 

La  charge  _ 
parties  vol. 

1  . 

3 

2 

2. 

1 

1 

3a. 

3 

2  Í 

3b. 

3 

2 

4. 

1 

1 

5. 

1 

1 

6 . 

1 

1  ! 

7. /grès  glaukol./ 

9 

8. 

!  2 

3 

9. 

4 

1 

10. 

1  1 

1  S 

11  . 

t  1 

3  1 

12  . 

j  1 

L 

2 

î 

Tableau  n°2 


Les  proportions  de  liants  et  de  charge  dans  les  mastics  examinas: 


Echantillon 


partie  de  volume 


I 


chaux 

plâtre 

ciment 

caséine 

KNaSiO^ 

3 

KA1/3ÍI  ,j 

1 . 

1 

2 

3 

r 

m- 

2. 

3 

1 

1 

— 

~ 

i 

- 

3a. 

2 

1 

— 

0,1 

— 

— 

3b. 

2 

2 

— 

0,1 

— 

— 

4. 

2 

1 

- 

0,05 

— 

— 

5. 

1 

- 

2 

— 

_ 

6. 

1 

1 

1 

- 

0,03 

0 , 02 

7. 

— 

— 

- 

sup. 

— 

s  up . 

8. 

3 

1 

- 

0,05 

— 

— 

9. 

1 

2 

— 

— 

_ 

o 

O 

ro 

10. 

- 

1 

1 

— 

11  . 

1 

- 

- 

0,1 

« 

_ 

12. 

1 

0,03 

0,01 

— 

- 

sup0  =  présence  sur  la  surface. 

Le  tableau  n°2  présente  des  proportions  des  composants  des  liants. 
On  peut  remarquer  la  présence  de  caséine  dans  les  échantillons 
3a,  3b,  4,  8,  11  et  12.  On  a  trouvé  aussi  des  silicates  et  des 
f luosilicates  dons  les  échantillons  n°6  et  9,  qui  sont  introduits 
dans  le  passé  par  le  traitement  d 1 af f ermissement  de  la  pierre, 
exécuté  d'après  les  méthodes  de  Fuchs  et  de  Kessler.  On  a  utili¬ 
sé  le  verre  aqueux  et  les  f luosilicates . 


3.  Les  qualités  techniques  et  les  propriétés  physiques  sont  pré¬ 
sentées  par  le  tableau  n°3.  L ’échantillon  n° 7  présente  les  quali¬ 
tés  de  la  pierre.  Comme  chacun  le  voit,  seulement  les  mastics  re¬ 
présentés  par  les  échantillons  2  et  6  sont  plus  compacts  que  la 
pierre,  et  de  cette  raison  ils  exercent  une  influence  nocive  sur 
la  pierre  comblée.  Les  mastics  représentés  par  les  échantillons 
n°1  ,  6  et  8  peuvent  être  reconnus  nocifs  à  cause  du  coefficient 
d 5  imbibition  de  plus  que  0,9  par  rapport  à  la  porosité.  Les  mastics 
représentés  par  les  échantillons  n°6  et  9  peuvent  être  reconnus 
nocifs  à  cause  de  la  présence  de  sels  solubles  dans  l'eau. 


•T2-biüau_n°3 

Qualités  techniques  des  mastics: 


Echantilbn j 

i 

Poids 

vol . 

Poids 

spec . 

Porosité 

% 

Imbibition 

% 

Résistance 

pression  kg/cm 

■■  ■  . .  .  — .  ■  -  ■  -j- 

1  . 

OJ 

O 

CM 

2,66 

24,1 

24,7 

50 

2. 

2,40 

2,60 

7,7 

6 , 1 

30 

3a. 

1  ,26 

2,54 

50,4 

26,1 

10 

3b. 

1 ,80 

2 ,36 

23,8 

14,9 

12 

4. 

1  ,66 

2,36 

29,7 

25,7 

7 

5. 

1  , 66 

2,46 

32,5 

21,5 

35 

6. 

2,42 

2,60 

6,9 

7,3 

35 

7. 

2,24 

2,56 

12,5 

11  ,4 

2  50 

8. 

2,12 

2,58 

17,8 

16,2 

1  5  1 

9. 

1  ,28 

2,30 

44,0 

14,9 

5  1 

10. 

2,14 

2,66 

19,6 

16,2 

35 

11  . 

1  ,26 

2,30 

45,2 

35,7 

8 

12. 

1 

1  ,71 

j  2 , 56 

23,8 

: 

— 

14,9 

12 

_ 

Tableau  n°4 


Hygroscopicité  des  mastics: 


T- 

I  Echentillon 

teneur  de  1 1 

eau  -  temp.  20°C 

,  rH  =  en°/o 

i 

r 

4ûJ/ô 

6ü/¿ 

~3S% 

\ 

!  -i 

r  1  • 

0,20 

1 ,50 

1  , 86 

Í  2 

I  ¿  • 

0,08 

1  ,65 

3,79 

\  3a. 

0,90 

1 ,27 

1  ,68 

3b. 

0,08 

0,92 

3,12 

4. 

0,85 

1,17 

1  ,85 

5. 

0,75 

1 ,51 

4,43 

!  6. 

0,95 

1,92 

3,53 

!  7. 

0,04 

0,48 

0,61 

i  8. 

0,38 

0,79 

3,02 

'  9. 

0,32 

0,61 

2,78 

1  10. 
t 

0,72 

1,94 

2,59 

i  H. 

1  ,47 

3,25 

3,45 

!  12. 

J 

0,43 

0,64 

0,87 

Le  tableau  n° 4  présente  1 'hygroscopicité  des  mastics.  Les  détermi¬ 
nations  ont  été  exécutées  par  gravimétrie.  On  a  reglé  par  les  sels 
hydratés  1* humidité  relative  de  l'air  ambiant. 

Du  point  de  vue  de  l'équilibre  entre  l'humidité  de  la  pierre  et 
le  mastic,  les  échantillons  n°1 ,2 , 3b, 5,6 , 8 , 9  et  10  représentent 
les  mastics  subissant  l'altération  accélérée. 

Tableau  n°5 


Parties  volatiles,  solubles,  l'humidité  et  réaction  pH: 


!  Echantillorj 

i  ! 

Í  \ 

%  \  : 

f 

Humidité  j 

Pertes  de 
grillage 

Parties  solub. 
dans  Jr  eau 

££lwn3d 

,nf 

"  J 

1  1  • 

1,5 

19,3 

1,8 

53,0  ; 

i  ,  i  j 

2. 

1,6 

27,3 

1  ,2 

63,5 

7 ,2 

3a. 

1,3 

16,3 

0,7 

64,9 

7  y  0 

3b. 

0,9 

17,5 

0,8 

55,2 

7, 1 

4. 

1  ,2 

12,5 

0,9 

77,2 

n  < 

/  j  j 

!  5. 

1  ,5 

14,3 

0,9 

16,4 

n 

/  ?  0 

:  6» 

1,9 

11  ,3 

1  il 

74,9  ! 

7,0 

!  7. 

0,5 

3,1 

0,3 

09,9 

7,0 

i  8  ° 

0,8 

»  r 

12,1 

j  0,9 

64,4 

7,2 

1  9. 

0,6 

34,3 

!  0,4 

62,0 

r7  o 
/  9 

:  10. 

1,9 

11  ,3 

0,8 

79,8 

/  ,  8 

i  11. 

3,3 

10,8 

j  1  ,4 

56,7 

7,1 

12. 

i 

J 

1  0,6 
\ 

J 

13,3 

1  ,6 

1 

67,8 

7,0 

Tableau  n°6 


Composition  chimique: 


icfl'muuon  i  sisi^gir301*  ! 

i - 1 

A12°3 

Fe2°3 

CaO+MgO 

CM 

O 

O 

S°3 

- r- 

Cl  ;r 

i.  ¡ 

53,0 

5,6 

0,7 

26,6 

16,4 

0,7 

0 , 3 : 

2.  1 

63,5 

0,4 

0,4 

». 

00 

13,2 

0,2 

0 ..  1  ■ 

3a. 

64,9 

0,1 

tr. 

21,9 

7,3 

10,1  ' 

tr. 

3b. 

55,2 

tr. 

tr. 

20,5 

3,4 

9,3 

t 

tr  o  ; 

4. 

77,2 

0,1 

tr. 

19,3 

4,2 

10,3 

fn  1 

5. 

16,4 

7,4 

0,7 

21  ,7 

4,9 

9,5 

tr.  ! 

6 . 

75,0 

4,7 

0,5 

12,2 

3,2 

1  , 2 

tr. 

7. 

89,9 

j  0,8 

tr. 

4,1 

1  ,3 

tr. 

tr. 

!  8* 

64,4 

0,4 

0,3 

14,9 

7,1 

1  tr . 

tr  „ 

1  9. 

62,0 

1,8 

0,4 

13,7 

3,1 

;  4,9 

Í  tr. 

!  io. 

79,8 

5,2 

0,6 

8,4 

3,8 

6,3 

1  i"  va  » 

;  il . 

56,7 

0,2 

0,2 

11  ,3 

2,7 

!  0,1 

!  ; 

!  - 1  >  ! 

¡  12. 
t 

67,8 

0,1 

0,1 

l 

15,6 

i 

t 

10,3 

i 

i - 

1  tr . 

i - 

i  tr.  i 
i  i 

4.  Les  tableaux  n°  5  et  6  présentent  les  caractéristiques  et 
les  compositions  chimiques  les  mastics  examinés.  Le  tableau 
n°  5  montre  que  la  solidité  les  mastics  n° 1,2, 4, 6, 10, 11  et  12 
à  cause  le  leur  teneur  en  humilité,  parts  solubles  Tans  l'eau 
et  le  leur  réaction  pH  est  insuf fis ante. 

Le  tableau  n°6  montre  la  composition  chimique  élémentaire  les 
mastics  examinés.  Ils  sont  très  divers. 

Les  qualités  techniques,  les  propriétés  physiques,  les  caracté¬ 
ristiques  et  la  composition  chimique  des  mastics  n'étaient  pas 
appropriées  en  rapport  à  la  pierre  glauccli tique  les  décorations 
sculptées.  De  cette  raison  ils  ont  mal  agi  sur  la  pierre  les 
lécorations  en  provoquant  l'altération  accélérée.  Même  les  mas¬ 
tics  ont  subi  la  détérioration. 

II. 

Afin  l'obtenir  que  les  mortiers  et  les  mastics  agissent  bien  s_ir 
la  pierre  et  qu'ils  soient  résistants  et  durables,  on  effectue 
depuis  près  le  vingt  ans  Tans  l'Institut  le  Conservation  des 
Biens  Culturels  à  l'Université  Kopernik  à  Torun,  les  recherches 
technologiques  des  mortiers  et  des  mastics  basées  sur  les  liants 
inorganiques  et  organiques.  On  a  obtenu  des  résultats  intéres¬ 
sants  en  employant  les  résines  époxydes  en  mélange  avec  la  char 
ge  minérale  /grès,  calcaire,  sable/. 

1  .  On  a  utilisé  la  résine  époxyde  polonaise  Epilian  5,  qui  est 
semblable  aux  Epon  828  américaine  et  Araliit  F  suisse. 

Comme  durcisseur  on  a  utilisé  du  trietylène— tétramine.  On  a 
examiné  l'abord  la  capacité  de  durcir  de  la  résine  dans  la  tem¬ 
pérature  normale,  la  capacité  de  durcir  en  mélange  avec  la  chai- 
ge  et  les  propriétés  des  mastics  et  des  mortiers  préparés  sur 
la  base  le  cette  résine. 

En  examinant  la  capacité  de  durcir  de  la  résine  époxyde  dans  la 
température  normale,  on  a  constaté  que  le  temps  et  la  teneur 
de  polyamine  influencent  décisivement  le  durcissement  de  la 
résine.  Conformément  à  leur  agrandissement  la  résistance  méca¬ 
nique  augmente.  Cela  est  montré  par  le  tableau  n°7. 


Tableau_n°2 

Influence  lu  temps  le  durcissement  dans  la  température  normale 
et  de  concentration  du  durcisseur  sur  la  résistence  mécanique 
de  la  résine  époxyde: 

La  résine  -  Epidian  5 

La  température  moyenne  ambiante  -  22 °C. 


Concentration 

temps 

de  durcissement  en  jours 

du  durcisseur 

en  %  1 

2  Í 

t 

12 

20  j 

126 

1 

i 

résistence  flexi 

.on  en  Kg/cmc 

. . 

t- - - 

» 

í 

10% 

proportion  sté- 

r 

! 

i 

j  479 

548 

570 

560 

chiométrique 

f 

l 

1  1 5 

t 

¡ 

440 

608 

857 

!  11 00 

j 

O 

CM 

1 

'  760 

893 

1146 

1  517 

î _ 

t 

j - 

Comme  on  voit  le  durcissement  de  la  résine  dans  la  température 
normale  se  passe  lentement.  La  teneur  de  polyamine  influence  con¬ 
sidérablement  la  résistance. 


2.  La  résistance  des  échantillons  augmente  même  après  20  jours 
arrivant  à  une  résistance  pareille  aux  échantillons  durcis  dans 
la  température  élevée,  comme  on  voit  sur  le  tableau  n°8, 

Influence  de  concentration  de  polyamine  et  de  température  éle¬ 
vée  sur  les  propriétés  de  la  résine  époxyde  Epidian  5° 

Temps  de  durcissement  -  3  heures 
Température  -  80°C. 


Concentration 

Résistance 

- — - 

Augmentation  j 

du  durcisseur 

f lexiog 

de  résistance  j 

en  % 

Kg/cm 

%  f 

F 

10 

1056 

15 

1226 

i6  ; 

20 

1347 

28 

— 

3 o  On  ne  remarque  pas  une  influence  du  temps  et  de  la  teneur 
de  polyamine  sur  la  résistance  de  la  résine  époxyde  dans  le 
cas  de  mélange  de  la  résine  avec  une  quantité  considérable  de 
charge  minérale.  La  température  se  revèle  comme  un  facteur  uni¬ 
que  influençant  le  durcissement.  Cela  est  expliqué  par  le  ta¬ 
bleau  n°9. 


Tableau  n°9 


Influence  de  la  concentration  de  polyamine  et  de  la  températu¬ 
re  de  durcissement  sur  les  propriétés  des  mastics: 

Proportion  résine  -  sable  =  1  :  10 
Granulation  du  sable  =  0,125/0,250  mm. 


Concentration  du 

Temperature  du  durci s semer 

rr i 

durcisseur  en  % 

1 6-20°C 

1 60°C 

- 

30  jours 

- - - 

1  heure 

Kg/  crr/ 

Résistance  flexion 

Rés  ist. anee 

pression 

10 

222 

566 

1  5 

- 

206 

— 

20 

i - - 

104 

2  57 

519  > 

I 

On  voit  cela  encore  plus  clairement  dans  le  cas  qu f on  emploie 
une  quantité  plus  grande  de  charge  en  rapport  à  la  quantité 
de  résine.  Le  tableau  n°lO  contient  les  données. 

Tableau  n°10 


Influence  de  la  température  sur  la  résis tence  mécanique  les 
mastics  époxydes  avec  sable: 

Proportion  résine-sable  =  1  :  50 
Granulation  du  sable  =  0,125/0,250  mm. 


4- 


j  Température  lu 
durcissement 

en  °C 

temps  du 
durcissement 

résistance  j 
flexion 

Kg/cm2  j 

\ 

¡ 

résistance 

pression 

Kg/cm2 

normale 

50  jours 

1 

- r~ 

\ 

17  j 

80 

3  heures 

41 

1 

65 

100 

" 

48 

i 

83 

130 

.. 

58 

1 

144 

160 

! 

» 

64 

1 

144  ! 

Comme  on  voit  sur  le  tableau  10  les  mastics  avec  une  teneur 
considérable  le  charge  se  sont  durcis  dans  la  température  nor¬ 
male  si  faiblement  du  point  le  vue  de  la  résistance  mécanique, 
qu  *  ils  ne  peuvent  pas  être  utilisés. 

4«  Les  expériments  effectués  ont  permis  d’expliquer  la  cause  a 
ce  phénomène ,  et  cela  a  rendu  possible  de  trouver  le,,  manière, 
d’agir  qui  permette  un  durcissement  complet  dans  la  température 
normale  avec  une  quantité  quelconque  de  charge»  On  a  constate 
que  le  facteur  principal  arrêtant  le  processus  de  durcissement 
des  résines  époxydes,  dans  la  temperature  normale  en  utilizan l 
les  polyamines  aliphatiques,  est  le  dioxyde  carbonique,  Lm*, 
l’activité  augmente  par  rapport  à  l’humidité  de  l'air. 

L'acide  carbonique  qui  se  produit  réagit  contre  l'amine  et  ±  ,r-~ 
me  des  sels  à  cause  desquels  les  mobiles  atomes  d'hydrogène  des 
amines  sont  bloqués.  Le  processus  se  revèle  en  particulier  dans 
le  cas  d'enduits  époxydes  minces.  Quant  à  la  possibilité  de  difru 
s ion  du  dioxyde  carbonique  et  d’humidité  dans  l'enduit,  il  y 
a  la  possibilité  d'arrêter  complètement  la  réaction  de  durcisse¬ 
ment  de  la  résine.  On  produit  ces  conditions  défavorables  en 
mélangeant  la  résine  époxyde  avec  une  grande  quantité  de  charge. 

Les  mastics  obtenus  ont  dans  ce  cas  une  grande  porosité  qui 
rend  possible  l’influence  du  dioxyde  carbonique  dans  toute  la 
masse  du  mastic,  et  les  enduits  qui  se  produisent  sur  les  grains 
de  la  charge  sont  très  minces:  s'il  y  a  plus  de  charge,  plus 
grande  est  la  superficie  de  leurs  grains.  Par  example  1  Kg.  de 
charge  de  fraction  0,074  -  0,149  mm.  a  une  superficie  de  2  5  m  » 

En  cas  de  mélange  dans  la  proportion  d'1  part  de  résine  :  50 
parts  de  charge  l'épaisseur  de  la  pellicule  qui  se  produit  sur 
les  grains  sera  de  0,7  microns.  L'enduit  si  mince  permet  la 
diffusion  libre  des  gaz  et  des  vapeurs,  de  même  qu’une  déacti¬ 
vation  de  polyamine.  Afin  de  prévenir  cela,  on  ajoute  au  mélange 
des  résines,  de  la  charge  et  de  polyamines,  les  solvants  d’une 
moyenne  volatilité,  dans  lesquels  la  résine  n’est  pas  soluble. 

Les  solvants  comblent  les  pores  dans  les  mastics  et  les  protè¬ 
gent  contre  l'influence  de  l’ambiance;  en  outre  ils  rendent  pos¬ 
sible  le  durcissement  de  la  résine.  Dans  ce  but,  il  faut  utili¬ 
ser  le  meilleur  white  spirit  /  essence  de  vernissage  /  ou  l’es¬ 
sence  de  térébenthine. 

5.  On  peut  utiliser  aussi  les  solutions  des  résines.  Par  example 
en  mélangeant  le  sable  avec  20%  de  résine  époxyde  dans  la  propor¬ 
tion  telle  que  une  part  de  résine  soit  mélangée  avec  30  parts 
de  sable,  dont,  après  durcissement  dans  la  température  normale, 
on  a  produit  les  échantillons  dont  la  résistance  était  pareille 
à  celle  des  échantillons  durcis  par  échauf f ement .  Dans  ce  cas,  la 
solution  a  rempli  les  pores  en  protégeant  la  résine  contre  l’ac¬ 
tivité  des  gaz  atmosphériques.  Les  résultats  sont  présentés  sur 
le  tableau  n°l 1 . 


1 1 


Tableau  n°11 


Influence  les  solvants  /  toLuol  +  méthanol  1:2/  sur  le  dur- 
cissement  Te  la  résine  époxyde  dans  les  mastics: 

Proportion  résine-sable  =  1  :  30 

Température  lu  durcissement  -  normale 


Expériment 

Temps  du  dur- 

Résistance 

i 

cissement  en 

pression 

j  ours . Temp . norm . 

. 

Kg/ cm 

_ 

seins  solvants 

3  h.  en  80°C  et 

1  86 

I 

1  h.  en  160°C 

r 

l 

I 

avec  solvants 

OR 

2  5 

158  j 

40 

149 

! 

70 

_ 

175 

1 

_ É _  . 

6.  Les  qualités  mécaniques  des  mastics  sont  influencées  par  les 
autres  facteurs,  les  plus  importants  desquels  sont  l’espèce  le 
la  charge,  sa  granulation  et  la  proportion  à  la  résine. 

Afin  de  déterminer  l'influence  de  la  charge  on  a  mélangé  la 
résine  avec  la  même  quantité  de  différentes  charges.  Les  ré¬ 
sultats  sont  présentés  dans  le  tableau  n°l2. 


Tableau  n°l2 


Influence  de  l'espèce  de  charge  sur  les  qualités  mécaniques 
des  mastics  époxydes: 


¡Espèce  de  charge 

1 - 

Poids  vol. 

Résistance  flex. 

1  marbre 

1 

1,587 

2  50 

sable 

1  ,600 

233 

grès  broyé 

1  ,372 

145 

brique  broyée 

1 ,145 

130 

1 

Pression 


564 

538 

405 

176 


Proportion  résine-charge  =1  :  10 
Granulation  de  la  charge  =  0,125/0,500  mm. 


Comme  on  voit,  les  qualités  mécaniques  sont  déterminées  par  1  ■ 
poids  volumétrique  de  la  charge.  En  outre  ils  sont  influencés 
p°r  morphologie  des  grains  de  la  charge.  Si  les  grains  sonn 
ronds  et  lisses  ils  ont  une  moindre  superficie  et  la  résine  pr'~ 


duit  des  pellicules  plus  épaisses  et  plus  grandes  ménisques 
parmi  les  grains,  en  résultant  la  plus  grande  force  de  collage» 

L'influence  de  la  granulation  de  la  charge,  en  particulier  sur 
les  propriétés  des  mortiers  et  des  bétons  est  connue  partout» 
Tout  le  monde  sait  que  la  charge  la  plus  compacte  a  besoin  l'un 
quantité  minime  de  liant  afin  d’enduir  les  grains,  et  de  même, 
grâce  à  une  quantité  très  grande  de  ménisques  parmi  les  grains, 
on  obtient  une  très  grande  résistance  mécanique.  Cette  règle  es 
valable  aussi  dans  le  cas  de  la  résine  époxyde,  comme  le  liant» 
On  peut  voir  ceci  sur  le  tableau  n°13. 

Tableau  n°l 3 


Influence  de  la  granulation  de  la  charge  sur  les  qualités  mé¬ 
caniques  des  mastics  époxydes: 

Proportion  résine-sable  =1  :  50. 


— 

1 

granulation  de 
la  charge  en  mm. 

t 

Poids  vol.  de 
mastic  en  g/cm'3 

1 

Résistance  pression  ; 
en  Kg/cm  j 

i 

100%  0,125-0,25 

1,559 

~r 

147 

.  i 

80%  0,25-0,5 

1  20%  0,06-0,12 
i 

1  ,  840 

217 

60%  1 ,0-1 ,6 

40%  0,12-0,25 

1  ,933 

¡ - 

222 

Comme  on  aperçoit  sur  le  tableau,  les  résultats  les  plus  favo¬ 
rables  ont  été  obtenus  en  utilisant  les  mélanges  des  charges  le 
plus  compactes  ayant  le  poids  volumétrique  le  plus  grand.  Le 
rôle  de  la  quantité  de  la  charge  en  rapport  à  la  résine  est  aus 
si  clair.  En  augmentant  sa  quantité  nous  causons  la  création  le 
ménisques  plus  petits  parmi  les  grains,  et  de  même  on  diminue 
la  force  de  collage.  Cette  relation  entre  la  proportion  de  la 
charge  et  la  force  de  collage  est  montrée  sur  le  tableau  n°l4„ 


Tableau  n° 14 


Inf luence  de  la  proportion  de  la  charge  sur  les  qualités  mécam  - 
ques  des  mastics  époxyles: 

Granulation  du  sable  =  0,25/0,5  mm. 

Granulation  du  grès  broyé  =  0,0/l,0  mm. 


Espèce  de  charge 

Proportion 

résine-charge 

Poids  vol.  du 
mastic  g/cin 

,  .  i 

Resistance  j 
pressiog.  ¡ 
Kg/cm 

Grès  broyé 

1  : 

5 

1  ,757 

658 

1  : 

7,5 

1  ,678 

478 

1  : 

10 

1  ,620 

405  j 

1  : 

12,5 

1,540 

201 

Sable 

1  : 

10 

1  ,766 

538 

1  : 

30  1 

1  ,626 

186 

- 1 

1  : 

i 

- 1 

1 ,590 

138 

- L 

Dans  ce  tableau  on  peut  conclure  que  la  diminution  de  résistance 
et  l'augmentation  de  la  proportion  de  la  charge  sont  liées  avec 
la.  diminution  du  poids  volumétrique.  Il  s'ensuit  que  les  pelli¬ 
cules  résineuses  internes  couvrant  les  grains  sont  minces.  Il  en 
résulte  1 ' augmentation  de  la  friction  et  les  poids  volumétriques 
s'approchent  au  poids  volumétrique  de  la  charge  sèche.  Au  contrai 
les  pellicules  plus  épaisses  facilitent  le  glissement  parmi  les 
grains  et  rendent  possible  la  condensation  de  la  structure. 

En  résumant,  il  faut  constater  qu'en  choisissant  la  sorte  de  chaos 
ge  appropriée,  sa  granulation  et  sa  proportion  par  rapport  à'ia'r 
resine  époxyde  on.  peujt  régler  dans  des  limites  assez  larges  les 
qualités  mécaniques  des  mastics  et  leurs  poids  volumétriques  de 
meme  que _ leurs  porosités.  Il  y  a  donc  la  possibilité  de  prépare- 
les  mastics  appropriés  aux  pierres  dans  les  monuments. 


Les  autres  avantages  sont  l'adhésion  parfaite  aux  pierres  et  Im¬ 
possibilité  de  durcir  sans  dilatation  dans  les  couches  d'épai-sno 
a  volonte,  l'absence  de  substances  nuisibles  pour  la  pierre  et' 
une  resistance  assez  grande  contre  l'action  de  l'humidité,  du  gel 
et  des  gaz  atmosphériques,  de  même  que  1' imbibition  limitée  malgré 
une  grande  porosité  /  p.e.  dans  le  rapport  résine-sable  1  :  30 
résulte  environ  3%:  résulté  par  les  propriétés  hydrofuges  de  la 
resine.  L'eau  peut  pénétrer  seulement  jusqu'à  une  profondeur  li¬ 
mitée  /  quelques  millimètres  /  de  la  surface.  Les  examens  compara- 


I  -T 


tifs  ont  révélé  que  1' imbibition  avec  l'eau  est  environ  70% 
moindre  que  1' imbibition  avec  l'essence. 

Il  faut  souligner  qu'en  choisissant  une  sorte  appropriée  de  char¬ 
ge,  de  sa  granulation  et  proportion,  non  seulement  peut-on  obte¬ 
nir  des  mastics  caractérisés  par  les  propriétés  physico  -mécan:.  - 
ques  semblables  à  celles  des  pierres  traitées,  mais  aussi  Ici  r 
apparence  est  pareille  à  l'original,  et  on  peut  intégrer  le 
lieu  complété  avec  l'objet. 

Il  faut  ajouter  en  outre,  qu’il  est  possible  d'imiter  les  rc^h.-o 
ignées,  les  grès  et  les  calcaires. 


Wies/aw  Domas/owski 

Institut  de  Conservation  les 
Biens  Culturels 
de  l'Université  Kopernik 
à  Torun  -  Pologne 


Janus z  Lehmann 
Musée  National 
à  Poznan  -  Pologne 


1 5. V. 1972. 


Lorsqu'on  étudie  les  altérations  des  calcaire-.:  o  oir¬ 
ía  Cathédrale  de  Cadis,  1er,  ruptures  se  justifient  - 


inique  de  dissolutions  »alines  oui’  le  CO.  Ca  et  la  fo 
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de  solubilité  qui  s'y  trouvent,  ne  sont  pas  interpré 
tées  en  termes  de  constantes  d'équilibre. 
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Remarks  on  the  Program  of  the  Working  Group. 


Nathan  Stolow, 
Coordinator. 


At  the  Amsterdam  meeting  of  the  ICOM  Committee  on  Conservation 
15-19  September  1969  the  working  group  and  the  program  presented  were 
as  follows: 


N.  Stolow  (Canada)  co-ordinator 
R.  D.  Buck  (U.S.A. ) 

N.  S.  Bromelle  (U.K.) 

B.  Heimberg  (Fed.  Rep.  of  Germany) 
B.  L.  Marconi  (Poland) 


G.  Thomson  (U.K.) 

K.  Toishi  (Japan) 

D.  Vance  (U.S.A.) 

F.  D.  Bo  Wennberg  (Sweden) 


1.  To  continue  research  into  the  design  and  manufacture  of  a  small 
portable  recording  unit  which  may  be  placed  in  packing  cases  for 
travelling  exhibitions  to  give  continuous  records  of  temperature , 
relative  humidity,  pressure,  shock  and  vibrations.  (Toishi,  Thomson, 
Marconi) . 

2.  To  continue  the  study  of  changes  in  the  physical  (surface)  condition 
of  works  of  art  in  travelling  exhibitions  by  means  of  the  photographic 
enlargement  technique  of  small  selected  areas.  The  previously  studied 
Swedish  exhibition  will  be  re-studied  after  an  extended  period  of  time 
by  the  same  methods  to  deteimine  any  further  changes.  The  technique 
of  photographic  examination  will  be  extended  to  larger  surface  areas 

Paintin&s  establish  more  clearly,  e.g.  the  extent  of  craquelure 
changes.  Further  studies  on  supposed  very  fragile  works,  e.g.,  pastels, 
may  be  carried  out  in  the  same  manner  (Bo  Wennberg) . 

3.  To  develop  complimentary  or  independent  (ref.  2,  above)  methods  for 

recording  changes  in  physical  condition  of  works  under  travel  conditions 
(Heimberg,  Stolow). 

4.  To  develop  improved  documentation  systems  (condition  reports)  relating 

to  the  assessment  of  the  physical  condition  of  works  of  art,  particularly 
to  devise  an  internationally  acceptable  set  of  descriptive  terms  for 
describing  changes  in  the  condition  of  works  of  art  on  loan  (Buck,  Vance) 

5.  To  communicate  and  exchange  relevant  results  and  reports  of  the 
studies  of  this  working  group  with  other  Committees  such  as  the 
Committee  on  International  Exhibitions. 


Within  the  framework  of  the  General  Assembly  meetings  of  ICOM 
in  Paris  and  Grenoble  1971  a  special  meeting  was  held  of  the  Conservation 
Canmittee  and  the  Comnittee  for  Exhibitions.  This  meeting  was  held  in 
Paris  on  1  September  1971.  The  following  is  the  report  of  this  meeting 
as  published  in  ICOM  News  December  1971: 

Present:  Mr.  Ainaud  de  Lasarte  (Spain),  Mr.  Andhare 
(India),  Miss  Bergeon,  Miss  Bizot,  Miss  Brans,  Mr.  Boissonas 
(France),  Mr.  Cadorin  (Switzerland),  Mr.  Conron  (United 
Kingdom),  Mrs.  Danilova  (U.S.S.R.),  Mr.  Dawodu  (Nigeria), 

Mrs.  Delbourgo  (France),  Mr.  de  Vries  (Netherlands),  Mr. 
de  Guichen  (Rome  Centre),  Mr.  Diop  (Senegal),  Mr.  Havel 
(France),  Mrs.  Hours  (France),  Mr.  Hubbard  (Canada),  Mr. 

Jaton  (France),  Mrs.  Jouan  (France),  Mr.  Lahanier  (France), 

Mr.  Landais  (France),  Mr.  Lodewijks  (Netherlands),  Miss  Mâle 
(France),  Mr.  Organ  (United  States),  Mr.  Philippot  (Rome  Centre), 

N.  Stolow  (Canada),  Mr.  Van  Asperen  (Netherlands),  Miss 
Van  den  Bosch  (Netherlands),  Mrs.  Vertogradova  (U.S.S.R.  ),  Mr. 

Van  Schendel  (Netherlands),  Mr.  Wennberg  (Sweden),  Mr.  Wolters 
(G.F.R.)  and  Sir  Philip  Hendy  (United  Kingdom). 

The  purpose  of  the  meeting  was  to  re-examine  the 
conditions  under  which  ICOM  normally  agreed  to  give  its 
official  patronage  to  exhibitions,  as  so  many  complaints 
had  been  received  following  the  return  of  objects  loaned 
to  such  exhibitions  in  a  more  or  less  damaged  state.  There 
was  a  lengthy  discussion  on  the  administrative  and  technical 
aspects  of  the  loaning  and  transport  of  works  of  art,  which 
led  to  a  realisation  of  the  extreme  complexity  of  the  problem 
and  of  the  inadequacy  of  the  information  available  on  the 
subject  at  the  present  time,  and  it  was  decided  as  a  result 
that  the  following  two  resolutions  would  be  moved  for  adoption 
by  the  General  Assembly  of  ICOM: 

”1.  While  it  is  recognised  that  international  exhibitions 
are  one  of  the  major  forms  of  cultural  exchange,  there  is 
permanent  danger  of  serious  damage  to  works  of  art  and  objects 
of  historical  interest,  owing  to  conditions  of  transport  or 
variations  in  the  atmospheric  conditions  in  museums. 

"It  is  felt,  therefore,  that  there  is  a  need  for  stricter 
control  of  the  technical  and  administrative  conditions  under 
which  objects  are  conserved  and  it  is  recommended  that  a  joint 
working  party  undertake  research  with  a  view  to  the  establish-' 
ment  of  systems  of  documentation  on  these  problems  which  will 
be  in  line  with  an  accurate  definition  of  the  standards  to  be 
adopted  in  connection  with  exhibition  environment. 

"It  is  further  recommended  that  the  standards  established 
by  the  said  working  party  be  made  a  part  of  the  criteria 
governing  the  granting  of  ICOM  patronage  to  international  ex¬ 
hibitions. 


' 

V-  ■  :  .•  . .  ■  ■  ■  '  .  . 


It  was  also  decided  that  Miss  I.  Bizot  and  Mr.  J. 
Ainaud  de  Lasarte,  representing  the  Exhibitions  Committee, 
would  be  asked  to  join  the  Conservation  Committee’s  work¬ 
ing  party  on  the  transport  of  works  of  art  -  the  coordina¬ 
tor  of  which  is  Mr.  Stolow  —  so  as  to  be  in  charge  of  the 
study  provided  for  in  the  first  of  the  above  resolutions. 


This  resolution  adopted  by  the  joint  committees  reflected  the 
very  great  need  for  further  studies  and  actions  to  be  taken  in  the  field 
of  care  of  exhibitions  during  travel.  Your  coordinator  spoke  at  some 
length  on  this  subject  and  there  was  a  lively  discussion  following  this 
in  which  museum  directors,  curators,  conservators,  and  scientists  par¬ 
ticipated. 


The  10th  General  Assembly  of  ICOM  adopted  a  more  general  resolu¬ 
tion  based  on  the  above  subject  -  described  as  Resolution  No.  6.  This 
gives  considerable  support  to  the  program  of  the  Working  Group  on  the 
Care  of  Works  of  Art  in  Transit.  Resolution  No.  6.  reads  as  follows: 

ICOM, 

recognizing  that  loan  exhibitions  bringing  together 
works  of  art  and  museum  objects  have  a  vitally  important 
educational  influence  throughout  the  world  but  that  it  is 
equally  important  to  preserve  and  protect  those  works  and 
objects  at  all  times  from  damage  or  deterioration, 

noting  the  efforts  of  the  museum  profession,  within 
the  limits  of  its  knowledge  and  resources,  to  ensure  that 
objects  do  not  suffer  when  included  in  such  exhibitions, 

expressing  concern  at  the  increasing  frequency  of 
exhibitions  and  the  consequent  increase  in  damage  caused 
to  objects  by  poor  packing,  clumsy  handling,  shock  and 
vibration  in  transit,  violent  variations  in  climate  and 
lack  of  accompanying  professional  personnel, 

.  resolves  that  in  order  to  aid  and  assist  those  res¬ 
ponsible  for  the  execution  of  the  necessary  procedures, 

ICOM  undertake  through  its  relevant  Committees  the  detailed 
study  of  all  the  desirable  administrative  and  technical 
control  factors  significant  for  the  improvement  of  the  care 
and  preservation  of  works  of  art  and  museum  objects  en¬ 
trusted  to  international  loan  exhibitions. 


In  view  of  the  adoption  of  the  resolution  in  the  joint  committee 
meetings,  and  most  significantly  Resolution  No.  6  General  Assembly  of  ICOM, 
it  will  be  necessary  to  revise  the  program  and  membership  of  the  working 
group  on  the  care  of  works  of  art  in  transit.  Your  coordinator  will  make 
firm  proposals  in  this  regard  at  the  Madrid  Meeting . 


The  present  report  includes  four  papers.  The  first  refers 
to  the  transport  of  a  panel  painting  by  Simone  Martini  from  Ottawa  to 
Expo  *70  (Osaka);  the  second  and  third  papers  discusses  experiences 
in  Sweden  on  transport  of  a  Rembrandt  painting  to  Amsterdam;  and  the 
hazards  in  shipping  pastel  paintings;  and  the  third  is  a  report  from 
Birmingham,  England  on  the  transport  of  a  British  exhibition  to 
Czechoslovakia  and  Austria. 


Environmental  Control  during  Transport  of  an  Early  Italian  Painting 
from  Canada  to  Japan. 


by  Dr.  Nathan  Stolow, 

Director, 

Canadian  Conservation  Institute, 
National  Museums  of  Canada, 
Ottawa,  Canada  K1A  0M8. 


One  of  Canada’s  national  treasures,  a  14th  century  painting 
by  Simone  Martini  of  Siena  Saint  Catherine  was  loaned  for  exhibition  at 
Expo  70  in  Osaka,  Japan  from  lb  March  -  13  September  1970.  The  painting, 
tempera  on  wood,  dates  to  about  1320,  and  is  from  the  collection  of  the 
National  Gallery  of  Canada  (1)  was  loaned  the  Fine  Arts  Museum  at  Expo 
70  where  it  was  to  be  part  of  an  international  exhibition  of  art  treasures 
from  around  the  world. 

While  the  Expo  *70  building  to  house  the  exhibition  was  to 
meet  acceptable  specifications  as  regards  humidity,  temperature,  and 
human  load  factors  (2) ,  the  loan  of  this  very  fragile  and  humidity  sensitive 
panel  painting  would  experience  physical  hazards  at  many  points  during  its 
transit  from  Ottawa  to  Osaka.  The  painting  itself  had  been  protected  in  a 
sealed  metal  and  glass  case  since  its  acquisition  in  1956,  and  the  inside 
RH  kept  reasonably  within  the  limits  of  40-501.  Under  such  conditions  the 
painting  was  observed  to  be  dimensionally  stable  and  physically  secure. 

In  order  to  ensure  maximum  safety  and  a  constant  environment  for 
the  painting  it  was  considered  necessary  (a)  to  devise  a  new  case  with 
built-in  humidity  control,  (b)  to  design  a  very  effective  packing  system, 
and  (c)  to  accompany  the  shipment  with  qualified  personnel. 

The  case  design  and  packing  system,  and  specifications  for  the 
transit  were  developed  and  supervised  by  the  author.  He  accompanied  the 
shipment  on  the  way  to  Japan,  and  his  colleague  Mr.  Mervyn  Ruggles  came 
back  to  Canada  with  it  following  through  with  the  same  specifications. 


LOAN  AGREEMENT 


The  following  conditions  were  attached  to  the  loan  agreement 
acceptable  to  the  Japanese  authorities  responsible  for  the  international 
exhibition  at  Expo  *70. 


a)  "the  painting  to  be  personally  accompanied  to  Osaka  with  every 
possible  assistance  from  the  EXPO  ’70  officials  to  facilitate 

easy  customs  clearance  at  Tokyo  airport  and  travel  assistance  to 
Osaka. 

b)  that  the  packing  case  not  be  opened  except  under  the  authority 
and  supervision  of  the  accompanying  official. 

c)  ’that  the  exhibition  gallery  in  which  the  painting  is  to  hang  will 
be  controlled  to  a  level  of  501  relative  humidity  and  20°C.  on  a 
24-hour  basis.  Also  that  the  director  of  thé  art  gallery  in  question 
give  the  necessary  assurance  by  means  of  test  records  that  the 
environmental  controls  do  indeed  work  in  the  art  gallery  to  the  levels 
required,  and  will  continue  to  work  to  the  same  levels. 

d)  "a  condition  report  prior  to  packing  together  with  supporting  photo¬ 
graphs  will  be  available  and  produced  for  inspection  by  the  accompany¬ 
ing  official.  Copies  of  this  report  will  be  available  for  the  records 
of  the  borrowing  institution. 

e)  ^e  accompanying  official  be  permitted  to  recommend  a  specific 
hanging  area  other  than  that  proposed  if  the  environmental  conditions, 
e.g.,  relative  humidity,  temperature,  and  lighting  are  detrimental  to 
the  painting. 

f)  "that  photography,  television  and  filming  generally  prohibited  except 
under  controlled  conditions  specified  by  the  accompanying  official. 
Generally,  these  conditions  will  specify  control  of  temperature  and 
intensity  of  light  at  or  near  the  painting. 

g)  "that  the  conservator  in  charge  of  the  EXPO  Art  Gallery  keep  the 
National  Gallery  immediately  informed  of  any  change  in  condition  of 
the  painting  during  the  period  of  exhibition,  forwarding  if  necessary 
detailed  photographs. 


THE  HUMIDITY-CONTROLLED  CASE  CONTAINING  THE  PANEL  PAINTING 


It  was  considered  necessary  to  redesign  the  metal  and  glass  case 
used  since  1956  and  incorporate  seme  means  for  humidity  control.  It  was 
decided  to  use  preconditioned  silica  gel,  successfully  employed  before 
within  sealed  cases  (3).  The  description  of  this  is  given  in  Figure  1. 

The  silica  gel  ’panel*  referred  to  (described  in  greater  détail  in  Figure 
2)  consists  of  Silica  gel,  3-8  mesh  size,  pre-conditioned  to  contain  29. 5*0 
moisture,  which  corresponds  to  551  RH,  placed  in  a  honeycomb  aluminium 
construction  covered  front  and  back  with  cotton  fabric.  The  silica  gel 
panel  made  up  in  this  manner  was  weighed  along  with  the  painting  itself 
before  sealing  into  the  case.  The  cork  separator,  was  to  space  the  back 
of  the  painting  a  small  distance  away  from  the  silica  gel  panel.  To  ensure 


) 


as  air-tight  a  fit  as  possible  a  rubber  gasket  was  fitted  onto  the  metal 
flange  of  the  welded  aluminium  case  and  a  mating  metal  frame  was  bolted 
into  position  over  the  1/4  inch  plexiglass  used  as  glazing.  Glass  was 
rejected  in  this  instance  because  of  its  fragility.  The  sealed  painting 

was  then  fitted  into  the  box  frame  with  shock  absorbers  and  provision  for 
hanging . 


Data  regarding  the  stability  of  the  case: 


1. 


2. 

3. 

4. 


The  weight  of  the  silica  gel  panel  (pre-conditioned)  prior 
to  shipment  (moisture  content  29.51,  i.e.,  53%  R.H.  potential). 

18  Februaiy  1970.. . . . .  3639  gn 

The  weight  of  the  panel  painting  18  February  1970 .  4985  gm 


The  weight  of  silica  gel  panel  30  September  1970  after 
return  from  Osaka  to  Ottawa . 

The  weight  of  the  panel  painting  30  September  1970  after 
return  from  Osaka  to  Ottawa . 


3635  gm. 


4983  gm. 


.  These  data  show  that  there  was  no  appreciable  loss  of  moisture 
from  either  the  silica  gel  or  from  the  panel  painting.  The  RH  environment 
was  indeed  very  constant  53-50%  RH  during  the  entire  6-1/2  month  period  of 
travel  and  exhibition. 


THE  PACKING  OF  THE  SEALED  PAINTING 


pie  method  of  packing  is  illustrated  in  Figure  3.  The  box  is 
constructed  from  pinewood  and  mahogany  plywood  covered  on  the  exterior 
with  a  tough  impermeable  'skin'  of  polyester  and  fibreglass.  Lining 
the  inside  of  the  case  are  sheets  of  2  inch  expanded  polystyrene  which 
serve  as  a  temperature  insulator.  Following  this  is  an  envelope  of  heavy 
gauge  polyethylene  sheeting  with  sufficient  material  for  heat  sealing  once 
the  painting  case  is  in  position.  Shock  absorbers  of  fairly  stiff  rubber 
are  P|aced  at  the  four  corners  on  the  sides  and  bottom  to  accommodate  shocks 
-Vi1  directl®ns*  The  painting  in  its  sealed  case  is  lowered  in  the  box 
and  the  exposed  ends  of  the  polyethylene  sheeting  are  heat  sealed  so  as 
orm  a  closed  envelope.  The  top  level  of  polystyrene  plastic  is  then  placed 

lnP°SltlT  (as  in  4) ,  and  finally  the  lid  is  screwed  down  onto  the 

rubber  gasketted  edging  of  the  box. 

r  .To  handling  of  the  packed  box,  now  weighing  96  lbs.  and 

imensions  45  high  x  30"  wide  x  9"  deep,  a  specially  designed  wheel 
base  was  constructed  fastened  by  sturdy  straps  (shown  in  Figure  5) .  Thus  the 
ccompanying  o  ficial  could  if  necessary  wheel  the  case  by  himself  at  junction 
points  during  the  transit  to  Japan  or  return. 


CONDITIONS  DURING  TRAVEL 


The  painting  case  was  personally  accompanied  Ottawa-Vancouver 
in  the  first  class  compartment  of  a  Boeing  727.  The  case  was  strapped 
into  position  vertically  behind  the  last  seats  of  the  first  class  section 
taking  precautions  to  place  shock  absorbers  at  the  floor  just  under  the 
case  before  attaching  straps  to  the  floor  rings.  A  forward  lurch  could  be 
accomnodated  by  the  soft  chair  back.  On  the  connecting  flight  Vancouver - 
Tokyo,  the  cabin  arrangements  were  different  since  the  plane  was  a  DC-8. 

The  case  was  fixed  vertically  into  position  in  the  back  of  the  tourist 
section  of  the  plane  in  a  box-like  enclosure  attached  to  floor-rings,  and 
within  this  box  straps  were  adjusted  in  different  directions  to  retain 
the  case  and  shock-absorb  it  at  the  same  time.  Temperature  and  relative 
humidity  readings  were  taken  at  various  points  of  the  flight  from  Ottawa- 
Vancouver-Tokyo.  While  the  tenperatures  were  normal,  i.e.,  65-70°F,  the 
relative  humidity  in  the  cabin  was  measured  as  10%  at  35,000  foot  altitude. 
The  fact  that  the  packing  case  was  quite  air-tight  and  that  the  metal 
case  containing  the  painting  was  also  air-tight  -  minimized  very  greatly 
the  possibility  of  replacement  of  conditioned  air  by  cabin  air  of  such  low 
humidity  each  time  the  plane  landed.  (At  high  altitudes  -  lower  cabin 
pressure  -  packing  cases  'exhale’  air  -  at  sea  level  dry  cabin  air  is 
’inhaled’  into  the  cases  thereby  affecting  the  painting).  The  total  flying 
time  was  approximately  15  hours. 

After  an  overnight  storage  in  Tokyo  airport  under  controlled 
conditions  the  case  was  transferred  to  the  Tokyo-Osaka  flight  (one  hour)  and 
then  by  specially  outfitted  truck  (designed  for  art  transport)  from  Osaka 
airport  to  the  Fine  Arts  Museum  at  Expo  ’70. 


GENERAL  CONCLUSIONS 


The  constancy  in  the  weights  of  the  panel  painting  and  the 
accompanying  pre-conditioned  silica  gel  before  and  after  the  exhibition 
attest  to  the  efficiency  of  relative  humidity  control.  There  was  no 
noticeable  physical  change  in  the  condition  of  the  painting  as  judged  by 
the  study  of  very  detailed  condition  photographs  taken  before  shipment. 

The  precautions  taken  in  the  case  design  and  the  method  of  packing  paid 
dividends  certainly.  The  environmental  conditions  in  the  exhibition 
gallery  did  not  meet  expectations.  Crowds  and  variable  climatic  conditions 
in  Osaka  contributed  to  a  fairly  wide  fluctuation  in  ambient  relative 
humidity,  i.e.,  50-65%  R.H. 

In  spite  of  such  external  variations  the  environment  surrounding 
the  Simone  Martini  painting  was  very  stable  throughout  -  attributable  to 
sound  design  and  construction  principles. 


REFERENCES  &  NOTES 


Simone  Martini  (1280/5  -  1344)  Saint  Catherine.  Tempera  on 
gilded  panel,  arched,  83.2  x  40.6  cm  (32-3/4  x  16  in);  painted 
about  1320;  National  Gallery  of  Canada,  Ottawa,  Acc.  no.  6430. 

Many  of  the  technical  conditions  for  the  building  at  Expo  ’70 
were  based  on  those  for  Expo  f67  (Montreal)  and  detailed  in: 
Stolow,  N.  Hie  Technical  Organization  of  an  International  Art 
Exhibition.  Museum  XXl  (1968):  pp.  182-240. 

Stolow,  N.  Fundamental  Case  Design  for  Humidity  Sensitive  Museum 
Collections .  Museum  News  (Washington,  D.C.),  Vol.  44  (1966). 
Technical  Supplement,  pp.  45-52. 


Figure  1.  Transport  of  Simone  Martini  Saint  Catherine  to  Expo  ’70.  The  humidity 
controlled  case  for  the  panel  painting.  A-  silica  gel  panel 
conditioned  to  give  RH  of  50-55%.  B-  cork  sheet  separator. 

C-  welded  aluminium  case  with  flange.  D-  flange  with  rubber  gaskettmg. 
E-  fabric  covered  surround  to  accommodate  shape  of  panel  painting. 

F_  plexiglass  clamped  over  gasket  and  flange  (D) .  G-  box  frame . 

J 


Figure  2.  Detail  of  silica  gel  panel.  A-  silica  gel  pre-conditioned 
to  give  50  -55$  RH,  3-8  mesh  size.  B-  honeycomb 
construction  (aluminium)  to  retain  the  silica  gel, 

C-  outer  frame  of  fibre  board  same  thickness  as  the  honeycomb. 
D-  cotton  fabric  to  cover  over  the  silica  gel  panel. 


P  G 

<U  •  C- 

•  +->  CD 

<d  en  P  a 

t/l  (D  O  B 

p  >s<- i  a 

O  i— 4  P 

O  X  > 

r— (  P*  4-*  4* 

a  eu  u 

'H  nj  >s  > 

U  2  l-H  r- 
<D  CO  O  C 
P.  çu  Ç 
tf)  c/i 

LD  I  I 

P  ai  O  ü 


Dû 

XJ  P  • 

eu  P  P 
o 

(_)  »H  *H 
CT3  *4-4  4— > 
PU  P 


H  t 


o 


P  P-.  J 

U  I 

Xî 

hU  P  ! 


OPJ 


H  rC  X  I 

P  ft  O 

H  ^ 

X  TÍ 


Pi  P 


X  oí 


x  cu 


PU  03 


3  K 

<D  O 
c/)  Xi 
o3  CD 
U  DD 


U  *H  X 

o3  tn  o 
PU  O 
Pu  a> 
<U  bß 
rC  Cd 
X  -H  CD 


Flgure  5.  ^packing  «steady  ^  acLpanying 
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The  Evaluation  of  Damage  to  Paintings  during  Transport  by  Photographic 
Enlargement  Studies. 


by 


Dr.  Bo  Wennberg, 

Curator,  Department  of  Old  Paintings 
and  Sculptures, 

Nationalmuseum, 

Stockholm,  Sweden. 


This  report  is  a  sequel  to  the  "Preliminary  study  of  Damage 
to  Paintings  during  Transport  and  Temporary  Exhibit ion  by  Means  of 

Photography  Enlargement,  presented  at  the  ICOM  meeting  in  Amsterdam  in 

1969.  That  report  proposed  for  future  study  the  examination  of  larger 

areas  of  pictures  by  the  same  means  of  photographic  enlargement  as  used 
in  the  first  instance. 

A  most  suitable  object  for  study  of  large  area  had  already  at 
this  time  been  choosen,  i.e.  the  great  painting  by  Rembrandt  "Claudius 
Civilis",  of  which  19  different  areas  of  the  surface  had  been  photographed 
before  the  transport  to  Amsterdam.  Two  of  these  areas,  representing  the 
faces  of  Claudius  himself  and  the  man  in  profile,  are  fairly  large,  resp. 

17  x  13  and  15  x  10  cm.  The  17  others  scattered  over  the  surface  (see 
Figure  6)  are  all  about  61/4  cm^.  (The  photographs  and  all  technical 
work  connected  with  them  executed  by  Christina  ffrench  of  the  Photographic 
Department  of  the  Nationalmuseum.) 

The  study  of  the  photographs  of  the  two  faces  ought  to  give  a 
fairly  good  idea  of  the  general  extent  of  cracking  or  flaking  which  might 
have  occured  during  the  transport  and  exhibition  of  the  picture. 

However  none  of  the  photographic  enlargements,  i.e.,  the  17 
smaller  areas  nor  of  the  two  larger  ones,  show  any  recent  damage  after  the 
return  to  Stockholm.  Even  slight  tendencies  to  flaking  which  can  be 
observed  in  some  areas  in  the  first  set  of  photographs  do  not  seem  to  have 
progressed  further. 

This  is  a  surprising  fact,  compared  to  the  results  documented  in 
the  previous  study,  where  damage  was  registered  in  4  out  of  25  pictures 
sent  in  1968-69  on  a  travelling  exhibition  to  the  North  of  Sweden.  It  may 
be  too  early  to  draw  conclusions  from  these  different  results ,  but  it  may 
be  pointed  out  that  the  25  pictures  were  handled  in  the  normal  way  for  such 
undertakings;  they  were  taken  well  care  of  but  not  handled  with  exceptional 
precautions.  The  transport  of  the  "Claudius  Civilis"  on  the  other  hand  was 
of  course  prepared  with  utmost  care,  cases  made  to  measure,  special  transport 
van  was  used,  and  driving  adjusted  in  order  to  reduce  bumps  and  vibrations 
as  much  as  possible. 


As  in  the  previous  study  it  must  be  pointed  out  that  these 
results  are  accurate  only  for  the  present  condition  of  the  painting.  A 
repeated  photographic  study  of  the  same  areas,  ought  to  take  place  in  a 
couple  of  years  time  in  order  to  see  whether  delayed  deterioration  or 
mechanical  action  has  occurred. 


-;V.-  - 
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Figure  6.  Areas  of  photographic  study  of  Rembrandt  Claudius  Civilis 
urior  and  after  transport  Stockholm-Amsterdam. 


A  Study  of  Pastels  in  Transport  (1970-1971) 


by  Dr.  Bo  Wennberg, 

Curator,  Department  of  Old  Paintings 
and  Sculptures, 

Nationalmus  eum , 

Stockholm,  Sweden. 


Traditionally  pastels  have  been  regarded  as  so  fragile  in 
consistence,  that  most  museums  refuse  their  lending  and  transportation. 

The  author  of  this  investigation,  who  has  had  some  practical  experience 
of  working  with  the  material,  had  the  impression  that  the  danger  of 
moving  pastels  might  be  somewhat  exaggerated  in  public  opinion.  It  also 
seemed  right  to  test  in  practice,  what  had  hitherto  been  considered  as 
a  fact  without  conclusive  proof. 

This  is  the  background  to  an  investigation  carried  out  by  the 
Nationalmuseum,  Stockholm,  in  1970-1971. 

A  collection  of  15  pastels  was  sent  on  a  travelling  exhibition 
October  31st,  1970  to  February  9th,  1971  to  Kalix,  Arjeplog  and  Luleâ  in 
northern  Sweden,  and  after  their  return  to  Stockholm  to  the  suburb  of 
Stockholm,  Midsommarkransen,  February  15th  to  March  23rd  1971,  a  total 
distance  of  near  2,700  kms.  Although  outer  temperature  was  for  a  good 
deal  of  the  distance  below  zero  (Celsius) ,  the  special  transport  vans  of 
Nationalmuseum  and  of  the  LuleR  museum,  the  latter  of  which  took  care  of 
the  transports  in  the  north,  always  kept  an  inner  temperature  well  above 
zero.  The  relative  humidity  in  the  three  exhibition  places  in  the  north 
varied  between  40%  (in  Luleâ)  and  601  (in  Kalix  and  Arjeplog).  During 
the  transport  all  the  pastels  were  packed  very  carefully  in  wooden  crates 
with  a  lining  of  foam  rubber. 

As  in  the  earlier  report  to  ICOM  presented  at  the  meeting  of  the 
Committee  for  Conservation  in  Amsterdam  in  1969  the  principle  of  examina¬ 
tion  applied  was  that  of  a  photographing  at  great  enlargement  (macro¬ 
photography)  small  sections  of  each  painting  before  the  transport  and  after 
the  return  of  the  exhibition.  This  was  carried  out,  but  through  unfortunate 
incidents  only  in  a  very  incomplete  way:  three  of  the  paintings  were 
documented  only  in  one  place,  five  only  in  two  places,  the  rest  in  three 
places  (In  the  preceding  investigation  each  painting  had  five  spots  photo¬ 
graphed.)  . 


However,  care  was  also  taken  to  control  possible  falling  off  of 
pastelpaint  by  study  of  the  covering  glass.  Before  the  transport  each 
glass  was  carefully  cleaned  and  the  inner  lining  of  the  frames  renewed. 


After  the  return  the  glazing  was  removed  and  studied  for  traces  of  paint, 
as  well  as  the  linings.  This  second  study  gave  very  clear  information. 

Not  less  than  8  pastels  had  shed  quite  visible  quantities  of  colour  on 
their  glass,  while  the  enlargements  of  the  photographs  failed  in  6  of 
these  instances  to  register  any  changes  in  the  surface  (which  clearly  shows 
the  inadequacy  of  the  photographic  method)  .  On  the  other  hand  the  enlarged 
photographs  showed  small  changes  in  the  pastel  surface  in  two  instances 
where  the  coverglass  did  not  show  any  loss  of  colour  at  all. 

Although  the  photographs  in  this  investigation  were,  as  already 
pointed  out,  rather  inadequate  in  number,  they  give  together  with  the 
observation  of  the.  coverglasses  a  quite  clear  picture  of  what  has  happened 
to  the  pastels  during  this  travelling  exhibition,  where  they  were  exposed 
on  purpose  to  the  same  kinds  of  stress  that  many  oil  paintings  undergo  as 
a  routine  without  great  hesitation  in  many  museums. 

One  can  sum  up  the  results  as  follows 

1.  Out  of  5  pastels  from  the  18th  century  4  showed  damages,  two 
of  them  rather  heavy  loss  of  paint  material  on  the  glass. 

2.  Out  of  4  pastels  from  the  19th  century  3  showed  damages  in  the 
form  of  paint  on  the  glass,  m  two  cases  rather  substantial 
ones. 

3.  Out  of  6  pastels  from  the  20th  century  3  showed  damages,  one 
a  small  damage  in  photoenlargement,  two  others  in  the  fom  of 
paint  on  the  glass.  Of  these  latter  one  had  lost  a  good  deal 
of  material  and  the  enlargements  showed  rather  distended 
changes  in  the  paint  surface. 


CONCLUSION 


The  general  conclusion  of  these  facts  should  be  1)  that  no 
pastels,  not  even  dating  from  this  century,  can  be  sent  without  strong  risk 
of  damages  on  a  prolonged  travelling  exhibition,  and  2)  that  it  is  clearly 
proved,  that  they  are  considerably  more  fragile  than  oil  paintings.  This 
result  is  obviously  not  surprising.  However  it  still  stands  to  see,  whether 
the  risks  can  be  reasonably  diminished  by  sending  pastels  under  specially 
designed  conditions,  e.g.  by  airplane  under  controlled,  secure  cabin 
conditions  to  just  one  single  exhibition.  Here  some  experience  with  the 
change  of  air  pressure  would  be  needed  before  any  definite  conclusions  can 
be  made. 


It  should  finally  be  pointed  out,  that  even  where  terms  such  as 
,rheavy  loss  of  paint”  are  used,  this  does  not  mean,  that  one  can  perceive 
any  visual  changes  in  the  pictures.  They  may  appear  quite  unchanged  to  the 
naked  eye. 


APPENDIX 


List  of  the  pastels  discussed  above  and  indications  of  damage  in  each  case. 
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TRANSPORTATION  OF  THE  EXHIBITION  "TWO  CENTURIES  OF  BRITISH  ART" 
SHOWN  IN  PRAGUE,  BRATISLAVA  AND  VIENNA,  1969 


by  Dr.  Peter  Cannon-Brookes , 
Keeper,  Department  of  Art, 
City  Museum  and  Art  Gallery, 
Birmingham,  Great  Britain. 


In  the  summer  of  1967  initial  discussions  took  place  between 
the  British  Council  and  the  Czechoslovak  Ministry  of  Culture  in 
respect  of  the  exhibition  of  British  Art  and  it  was  proposed  to  send 
to  Czechoslovakia  in  1969  in  accordance  with  the  provisions  of  the 
Cultural  Exchange  Agreement  between  Great  Britain  and  Czechoslovakia. 

The  general  outlines  of  this  exhibition  were  agreed  in  Prague  during 
mid-summer  1968  and  the  Czechoslovakia  Ministry  of  Culture  undertook  to 
organize  an  exchange  exhibition  of  Baroque  art  from  Bohemia  to  be  shown 
in  London  and  Birmingham  during  the  second  half  of  1969.  In  August 
1968  the  Warsaw  Pact  armies  entered  Czechoslovakia,  and  the  final  or¬ 
ganization  of  this  exhibition  took  place  against  a  background  of  political 
uncertainty.  This  in  turn  affected  the  transportation  of  the  exhibition 
in  so  much  as  it  was  deemed  essential  to  specify  that  the  specially  fitted 
out  trailers  should  remain  in  close  proximity  to  the  buildings  housing 
the  exhibition  in  Prague  and  Bratislava,  and  that  considerably  less 
expensive  containers  could  thus  not  be  used  as  these  would  have  had  to  be 
stored  in  depots  some  distance  from  the  exhibitions.  In  January  1969 
it  was  decided  to  extend  the  tour  of  the  exhibition  in  order  to  display 
certain  of  the  oil  paintings  in  the  Hofburg,  Vienna,  as  part  of  the 
British  Week  there.  The  British  Council  maintained  overall  responsibility 
and  control  of  the  exhibition,  but  the  selection  of  the  exhibits,  their 
preparation  and  their  transport  were  delegated  to  the  City  Miseum  and 
Art  Gallery,  Birmingham,  which  was  the  principal  lender  (a  little  over  half 
the  total  number  of  exhibits) . 

The  City  Museum  and  Art  Gallery,  in  1969,  possessed  no  depart¬ 
ment  of  conservation  and  no  specialist  trained  art  technicians,  and  thus 
the  detailed  control  over  packing  and  the  design  of  the  trailers  were 
undertaken  by  the  author  as  Keeper  of  the  Department  of  Art.  Whilst 
freely  admitting  such  a  situation  to  be  far  from  ideal,  the  Department  of 
Art  had  gained  over  previous  years  considerable  experience  in  the  organiza¬ 
tion  and  administration  of  international  exhibitions,  and  Dr.  Nathan  Stolow’s 
report  on  "Expo  67",  together  with  his  "Controlled  Environment  for  Works 
of  Art  in  Transit",  were  available  to  be  used  as  the  foundation  for  the 
planning.  In  consultation  with  Mr.  Gary  Thomson  of  the  National  Gallery, 
London,  the  author  designed  the  packing  described  below  to  follow  as 
closely  as  possible  the  theoretical  proposals  of  Dr.  Stolow,  but  on  an 
empirical  basis.  It  is  impossible  to  make  any  estimate  as  to  just  how 
successful  were  the  packing  and  the  transportation  techniques,  but  it  can  be 


stated  that  no  damage  identified  during  the  tour  of  the  exhibition, 
or  during  the  following  three  years,  has  been  able  to  attributed  to 
the  conditions  under  which  this  exhibition  was  transported.  However 
it  must  also  be  stated  that  the  budget  was  of  necessity  limited  and 
that  the  degree  of  insulation  against  violent  changes  in  temperature 
and  against  physical  shocks  was  carefully  calculated  in  the  light  of 
the  plan  to  supervise  closely  every  stage  of  the  transport. 


PREPARATION  OF  THE  EXHIBITS 


The  exhibition  consisted  of  166  items,  comprising  85  oil  paint¬ 
ings  and  81  drawings  and  watercolours,  and  their  framed  sizes  ranged  from 
a  series  of  full  length  portraits  measuring  around  2.80m  by  2.20m  to 
small  oil  sketches  and  watercolours  40cm  or  less.  All  the  exhibits  were 
assembled  in  Birmingham  and  those  coming  from  the  national  and  major 
provincial  museums  were  in  general  prepared  in  their  home  museums  and 
were  transported  to  Birmingham  lightly  packed.  Those  paintings  coming 
from  private  owners  and  small  museums  without  the  necessary  technical 
services  were  packed  lightly  and  transported  to  Birmingham  to  be  prepared 
there,  or  were  prepared  in  London  by  the  workshop  staff  of  the  British 
Council  Fine  Arts  Department  before  despatch  to  Birmingham.  All  works 
were  inspected  immediately  on  arrival  in  Birmingham  and  a  condition  report 
written  into  a  bound  volume  which  accompanied  the  exhibition  on  every 
stage  of  the  tour. 

With  very  few  exceptions  the  oil  paintings,  and  all  the  drawings 
and  watercolours,  were  glazed  in  perspex  (ultra-violet  absorbing  grade 
in  the  cases  of  the  drawings  and  watercolours)  and  backed  with  sheets  of 
high  grade  hardboard  for  protection,  and  the  only  damage  known  to  have 
been  sustained  during  transport  was  by  a  painting  delivered  to  Birmingham 
already  glazed  and  backed  which  was  discovered,  after  it  had  broken 
loose,  to  have  been  inadequately  attached  within  its  rebate.  Those  works 
prepared  in  Birmingham  were  inspected  again  inmediately  before  packing 
and  the  salient  details  were  recorded  in  the  condition  report  book. 


PACKING 


After  preparation  all  the  oil  paintings  were  placed  in  light 
weight  packing  cases  constructed  of  20mm  or  25mm  softwood  for  the  sides 
and  timber  framed  plywood  for  the  bottoms  and  lids .  These  had  been  made 
in  advance  and  the  internal  measurements  were  intended  to  allow  25mm 
clearance  round  the  frame  in  all  directions.  Comer  pads  of  kraft  paper 


stuffed  with  wood  wool  allowed  the  frames  to  be  held  gently  but 
firmly  within  the  cases  without  further  attachment  or  packing.  Where 
the  sizes  of  the  frames  of  the  paintings,  as  provided  by  their  owners, 
proved  innaccurate  the  internal  dimensions  of  the  case  in  question 
were  able  to  be  adjusted  suitably  using  sheets  of  expanded  polystyrene 
of  different  thicknesses  cut  to  size.  Good  quality,  well  seasoned 
timber  was  employed  throughout,  and  the  cases  and  the  packing  materials 
were  delivered  to  the  City  Museum  and  Art  Gallery  approximately  5  to  7 
days  in  advance  of  packing  to  enable  the  materials  to  become  "tempered" 
to  the  museum  environment.  The  lack  of  proper  humidity  or  temperature 
control  in  the  City  Museum  and  Art  Gallery  did  not  allow  any  more  precise 
control  to  be  achieved,  but  packing  was  undertaken  in  a  large  gallery 
which  by  previous  tests  had  been  demonstrated  to  be  particularly  stable 
in  its  conditions  in  early  simmer.  The  watercolours  and  drawings  were 
wrapped  in  two  layers  of  corrugated  paper  and  placed  in  specially  designed 
packing  cases  with  wooden  internal  partitions.  After  packing  the  cases 
were  held  in  store  within  the  packing  area  until  the  trailers  were 
loaded. 


TRAILERS 


Owing  to  the  political  uncertainties,  the  decision  had  been 
taken  to  pack  the  exhibition  into  two  ten-metre  trailers  rather  than  to 
employ  more  economical  containers  which  would  have  lacked  the  necessary 
flexibility  in  the  event  of  an  emergency.  The  two  ten-metre  trailers 
were  fitted  with  an  internal  compartment  or  liner  which  was  insulated 
from  the  outside  aluminium  skin  by  wood  wool  or  expanded  polystyrene  sheet¬ 
ing.  The  floors  of  the  liners  were  constructed  of  sheets  of  multi-ply 
and  the  whole  liner  rested  on  a  mattress  of  rubberized  hair  5  cm  thick. 

Each  liner  was  built  in  sections  and,  after  the  end  wall  of  the  trailer 
had  been  lined  with  sheets  of  expanded  polystyrene  5cm  thick,  the  end 
section  was  lifted  up  by  a  fork-lift  truck  and  slid  into  the  trailer. 

When  in  position  the  5cm  gap  between  the  top  of  the  liner  and  the  ribs 
of  the  trailer  roof  was  filled  with  further  expanded  polystyrene  sheet¬ 
ing  5  cm  thick,  and  the  rather  wider  gaps  between  the  sides  of  the  liner 
and  the  sides  of  the  trailer  were  stuffed  with  wood  wool  rammed  tight. 

The  remaining  sections  of  the  liners  were  inserted  similarly,  one  at  a 
time,  and  were  locked  together  with  long  coach  bolts.  During  the  con¬ 
struction  the  bales  of  wood  wool  were  broken  open  the  day  before  use  and 
the  wood  wool  was  spread  out  all  over  the  floors  of  the  workshop  to  avoid 
introducing  any  material  that  was  either  excessively  dry  or  excessively 
damp.  Unfortunately  attempted  spot  tests  carried  out  during  construction 
were  unhelpful,  and,  although  on  completion  a  spot  test  on  the  atmosphere 
within  one  container  after  remaining  closed  all  night  gave  an  R.H.  read¬ 
ing  which  was  acceptable,  in  the  opinion  of  the  author  the  figures  so 
obtained  cannot  be  relied  upon,  while  he  was  advised  that  no  satisfactory 
system  of  obtaining  continuous  records  of  the  conditions  within  the 
trailers  was  available  in  1969. 


LOADING 


The  completed  trailers  were  loaded  with  the  light  cases 
containing  the  paintings,  and  since  the  surfaces  of  the  cases  were 
basically  flat  it  was  possible  to  pack  them  in  very  tightly  indeed, 
thus  obviating  any  necessity  to  strap  them  to  the  walls  of  the  liner. 

As  the  cases  were  inserted  additional  wood  wool  was  rammed  tight  to 
fill  the  interstices,  and  close  to  the  doors  of  the  trailers  wood  blocks 
were  screwed  to  the  floors  of  the  liners  to  prevent  longitudinal  slipp¬ 
ing.  Certain  very  large  cases  had  a  clearance  of  as  little  as  2/3an, 
but  this  did  not  cause  any  difficulties  since  all  the  heavier  cases  were 
carried  onto  the  tail-lift  platform  of  a  van  normally  used  for  computer 
transport  and  then  lifted  to  the  exact  level  of  the  floor  of  the  liner, 
to  be  slid  into  it  without  problems.  After  loading  was  complete,  stout 
wooden  bars  were  screwed  into  position  across  the  entrance  of  the  liner, 
the  framed  end  panel  of  perforated  hardboard  screwed  into  position,  two 
large  sheets  of  expanded  polystyrene  5cm  thick  wedged  into  position  and 
sheets  of  rubberized  hair  inserted  between  them  and  the  doors  to  stabil¬ 
ize  the  load.  The  trailers  were  then  locked  and  sealed  by  H.M.  Customs, 
and  remained  undisturbed  until  their  arrival  in  Prague. 


TRANSIT  AND  UNLOADING 


Three  days  were  required  to  drive  from  Birmingham  to  Prague, 
with  the  first  night  spent  on  the  ferry  between  Harwich  and  The  Hook  of 
Holland,  and  the  second  in  the  German  autobahn  police  headquarters  out¬ 
side  Aschaffenburg.  Despite  very  bad  road  surfaces  near  The  Hook  of 
Holland  and  around  Plzen,  the  packing  remained  in  position  and  very  little 
settling  took  place  in  the  wood  wool  stuffed  between  the  liners  and  the 
walls  of  the  trailers.  After  unloading  the  loose  wood  wool  was  retained 
within  the  trailers  and  they  were  closed  as  quickly  as  possible,  but 
after  unpacking  the  exhibits  all  the  packing  materials  were  placed  in 
their  respective  cases  and,  on  reopening  the  trailers,  all  the  cases 
were  stored  in  than  for  the  duration  of  the  showing  of  the  exhibition. 
Attempts  were  made  to  park  the  trailers  where  they  would  be  out  of  the 
direct  rays  of  the  sun,  but  this  was  not  on  every  occasion  possible. 

On  subsequent  stages  of  the  exhibition  tour  the  cases  were  pack¬ 
ed,  and  the  trailers  loaded  and  unloaded,  according  to  this  plan,  and 
the  exhibition  was  split  in  Vienna  when  detailed  administration  of  it 
was  taken  over  completely  by  the  British  Council.  During  every  stage 
the  operations  were  supervised  by  curatorial  staff  from  the  City  Museum 
and  Art  Gallery  and  by  the  staff  of  the  Fine  Arts  Department  of  the 
British  Council  with  condition  reports  prepared  and  entered  into  the 


condition  report  book,  and  the  escorts  during  transit  limited  the 

speed  of  the  convoy  suitably  in  order  to  minimize  the  effect  of  bad 
road  surfaces. 


GENERAL  NOTES 


1*  3,500  kg  of  wood  wool  was  used  for  stuffing  the  sides  of  the 

ír?cie,rs  a^d  f0r  packin8  between  the  cases,  giving  a  minimum  of 
1,750  kg  of  buffering  material  in  each  sealed  trailer.  The 
additional  buffering  effect  of  the  timber  used  for  the  cases 
and  the  framing  of  the  liners  raises  the  total  mass  of  buffer¬ 
ing  material  to  approximately  4,000  kg  per  container.  Thus,  the 
mass  ratio  of  buffering  material  to  humidity  sensitive  works  of 
art,  including  their  frames,  can  be  estimated  to  have  been 
almost  2:1. 

The  cost,  in  1969,  of  fitting  out  the  two  trailers  and  providing 
the  necessary  light  cases  totalled £ly 849  sterling  which  compared 
very  favourably  indeed  with  the  estimated  cost  of  providing 
orthodox  single  and  double  cases  for  the  transportation  of  the 
exhibition.  If,  however,  orthodox  cases  had  been  employed,  at 
east  one  additional  trailer  would  have  been  required,  and  the 
process  of  packing  and  unpacking  would  have  occupied  a  great 
many  more  man-hours  with  considerably  increased  costs. 


Figure  7.  Trailer  no.  1  nearing  completion  of  loading  of  the  cases . (left) . 


Figure  8.  Trailer  no.  1  with  the  framed  end  panel  of  perforated  hardboard 

screwed  into  position  (left) ,  and  the  sheets  of  expanded  polystyrene 
in  position  prior  to  closure  and  senlina  friohvl. 


Outer  skin  of  trailer  (aluminium  sheeting) 

Expanded  polystyrene  sheeting  .  5cm  thick 

Timber  framing  constructed  of  5cm  X  5cm  members 

Inner  surface  of  perforated  hardboard  sheets  (  peg-board) 


CASES 


Multi -ply  floor  of  liner 
Mattress  of  rubberized  hair 
Timber  floor  of  trailer 


DRAWING  NOT  TO  SCALE 


Figure  9.  Schematic  drawing  of  section  through  trailer  showing  construction 
and  method  of  packing . 
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MECHANICAL  CLEANING  OF  ETHNOGRAPHIC  MATERIALS 

BY  USE  OF  THE  AIRBRASIVE  PROCESS 


The  airbrasive  process  employs  a  system  of  grit  spraying  which  is 
so  refined  and  controlled  that  it  may  be  used  to  drill  a  diamond 
or  to  dust  a  rice  paper  fan  -  entirely  by  the  use  of  the  appropr¬ 
iate  abrasive,  adjustment  of  the  air  pressure,  adjustment  of  the 
flow  of  abrasive,  and  control  of  the  nozzle-to-subject  surface 
distance»  It  is  therefore  extremely  useful  in  the  mechanical 
cleaning  of  ethnographic  specimens  which  are  disfigured  by 
corrosion  products,  mud,  dust,  and  other  types  of  loose,  no- 
greasy  dirt  which  may  have  accumulated  during  use,  improper 
storage,  or  duing  exhibition  where  the  objects  were  not  protected 
by  cases. 

The  Airbrasive  unit  consists  of  a  metal  cabinet  basically  contain¬ 
ing  a  vibrator  chamber  which  holds  about  .454  Kg.  (1  pound)  of 
abrasive  powder  and  a  rubber  hose  which  carries  air  to  the  chamber 
from  either  a  carbon  dioxide  cylinder  or  an  air  compressor.  An¬ 
other  hose  delivers  the  mixture  of  air  and  abrasive  to  a  small 
nozzle  at  the  end  of  a  handpiece.  The  air  pressure  used  on  most 
objects  may  be  anywhere  between  2.8  and  5.6  kg/cm2  (40  and  80 
p.s.i.)  depending  on  the  nature  of  the  work. 

Abrasive  powders  which  may  be  used  are  silicon  carbide,  aluminum 
oxide,  calcium  magnesium  carbonate  (dolomite),  sodium  carbonate. 


2 


.'ini  glass  beads  (a  powder  consisting  of  minute  glass  spheres  n. 
larger  than  50  microns  in  size). 

Silicon  carbide  is  rarely  used  in  cur  work  because  of  its  extrem  ■ 
hardness  ;  aluminum  oxide  is  sometimes  employed  to  remove  hard 
rust  from  iron,  although  its  use  causes  excessive  wear  on  the 
parts  of  the  unit  which  come  in  direct  contact  with  the  abrasive 
flow;  dolomite  is  most  frequently  used  -  perhaps  90%  of  our  work 
is  accomplished  with  it;  sodium  carbonate  is  not  employed  in  our 
work,  as  we  prefer  glass-bead  powder  in  its  place.  This  powder 
is  not  properly  an  abrasive,  as  each  particle  is  a  sphere  and  h.^s 
no  cutting  edges.  It  is  primarily  used  for  light  polishing  and 
cleaning  very  delicate  materials  or  removing  tarnish  fr^m  silver 
and  other  soft  metals. 

The  abrasive  dust  and  detached  corrosion  particles  are  taken  up 
by  vacuum  into  a  dust  collector  box.  The  abrasive  is  therefor«, 
not  reusable. 

The  cost  of  the  abrasives  most  frequently  used  is  moderate.  Del.  - 
mite  and  glass-bead  powder  are  both  about  %  50  U. 3.  for  45-45  kc 
(100  lbs.).  This  amount  of  powder  will  last  from  two  to  three 
months  when  the  unit  is  in  operation  approximately  20  hours  a  week c 

The  metal  work  cabinet  which  is  available  from  the  manufacturer  í 
the  unit  is  useful  only  when  relatively  small  objects,  such  as 
archeological  specimens,  are  cleaned  in  large  quantities.  As 
ethnographic  objects  vary  greatly  in  size,  we  make  a  plastic  b~ 
large  enough  to  accommodate  each  object  with  enough  addition  .1 
space  to  turn  it  easily  as  the  work  progresses.  The  hose  connect¬ 
ed  to  the  dust  collector,  a  unit  separate  from  the  airbrasive 
unit,  is  clamped  to  the  edge  of  the  bag  and  a  strong  air— flow 
vacuum  draws  off  the  abrasive  and  dirt  residues. 

The  air  may  be  supplied  by  an  air  compressor  which  maintains 
pressure  at  5-6  kg/cm^  (80  p.s.i.)  in  the  abrasive  cylinders. 

Glass  beads  are  hygroscopic,  so  the  air  used  must  be  absolutely 
dry.  Since  dry  air  is  difficult  to  obtain  when  using  a  com- 
pressor,  even  with  good  filtration,  a  cylinder  of  carbon  dioxide 
(or  nitrogen)  plus  a  pressure  gauge  is  used  instead.  If  cost  xs 
not  a  problem,  the  gas  cylinder  may  be  employed  for  all  of  the 
abrasives . 
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We  use  only  two  types  of  nr  7  y  in 

straight  round-head  nozzl  r\,-¡  t-h°  -  commcnly  employed  is  the 
inch).  This  speni,  OS' tí  “  »  0"fi“  «  0.«  -  (.026 

chsnse  „11  „cíOíLt  ÎL  Oí“  \T““  "»•  ft  «» 

design  lines  we  use  on  -he  ^  *  P  precise  Wurk  around  fine 

of  0.46  mm  (.018  inch).  -angle-head  nozzle  with  an  orifi 


■Substances  which  are  not  removable  with  v 

greasy  or  rubbery  deposits  which  win  P  ít  aybrasive  are  gummy, 

the  abrasive  andean  not  a££  Zav  ^  impact  tf 

suitable  solvents  before  th -  P_K  7’  These  may  be  removed  with 
ents  before  the  airbrasive  cleaning  is  begun. 

^ebL^^ÄrCfTaSS  CíeCaT  in  T  labGrat“ry 

embroidery,  paper,  pottery,  shell,  stone,  textiles)  and  wS^ 

Basketry  specimens  are  so  varied  that  it  i~  asee-  . 

hard  and  fast  rules  to  ™-,iv  t  ii  s  dlfflcult  to  give  any 

good  condition  will  clean  eLilvdi  thiff  .Usually  My  basket  in 
those  decorated  with  feathers  b-  ,fh  df°yte-  Fragile  ones  or 
cleaned  with  CTi  Jhf  ?  O’  btjads  and  shell  are  more  safely 

obtain  the  s«e  resílS  ÍTZZ’  i  ^1°"^  a  skilled  operator  may 
to  be  dry  cleaneT^^t^T^Ä  ^ 

be  done  without  damage,  before  applying  the  abrallve!  "  ^ 

Ci?^oaIhe^L^rI^f0Iuc¿^^IeCaäleCtid0nS  °CCUrS  ln  cohuncti.n 

used  at  normal  5.6 Ig/cS  feo'p  s  i  “  dUSty’  d°l0mite 

rapidly  without  any  damage  I  tfrf  b^ils^i  Clea”  U 

is  necossaw  it  d  K  if  '  tiu-  beads:  a-f  extensive  cleaning 

not  do  snv  h’rm  toff  USS  glass-bead  powder  which  will 

— lid  el  d  flh  I  bSadS  Selves,  although  it  is  wise  t 
u'Cia  exposed  thread  or  smew. 

Bone  is  a  delicate  material,  particularly  in  archeological  obit-- 
which  are  often  brittle  and  —  Pi  t-h  •  u  a^IIt'u-Lüy lcal 

or  dirt  with  and  ^uft.  It  is  best  to  remove  dried  mud 

beads  at  a  i  alone  and  if  this  is  successful,  to  use  glass 

eroded' and'  Ife^if i^eSsaíJ  to 

thetmlacfof^tf  bladL  thSt  ^  ^  WallS  d°  MOt  CrUmWe  under 
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Feathers,  excepting  fluffy,  downy  types,  can  be  dusted  with  dolo— 
mite,  but  it  is  safer  to  use  glass  beads  at  a  lower  pressure  than 
5.6  kg/cm2  (80  p.s.i.).  Always  direct  the  abrasive  flow  from  the 
quill  toward  the  tips  of  the  feathers  to  avoid  separating  the 
barbs . 

Much  of  the  leather  in  our  collections  is  buckskin.  From  exper¬ 
ience  we  have  found  that  airbrasive  cleaning  with  dolomite  is  the 
only  method  which  thoroughly  removes  loose  dirt  and  at  the  same 
time  restores  the  original  velvety  texture  of  the  surface.  Skin:; 
which  have  been  damaged  by  water,  heat,  or  stains  will  not  be 
completely  rejuvenated;  only  the  deposits  which  occurred  after 
the  damage  was  inflicted  will  be  removed.  Painted  buckskin 
should  be  handled  with  care,  as  the  adhesive  quality  of  paints 
varies  greatly.  Some  are  not  affected  by  the  dolomite  treatment, 
other  paint  is  powdery  and  chalky  and  will  blow  off  the  surface 
quite  easily.  For  cleaning  close  to  the  edges  of  painted  area^, 
the  obtuse-head  nozzle  is  very  useful.  The  pressure  should  be 
lowered  until  the  cleaning  can  be  done  with  just  two  or  three 
millimeters  distance  between  the  tip  of  the  nozzle  and  the  leCu.nj. 

Copper  and  brass  may  be  cleaned  with  dolomite,  but  if  the  c^rr. 
sion  is  merely  a  thin  layer  of  tarnish,  glass  beads  will  suffice. 
If  a  higher  gloss  on  the  surface  is  desired,  this  can  t  en  e 
obtained  by  buffing  with  fine  bronze  wool  or  rouge. 

The  air jet  has  great  value  in  cleaning  rust  from  iron  objects. 

&-S  «Ul  «Lily  r«ova  <hi»  ~  SO  lO 

wool  or  400  grii  Silicon  pap  n£Ver  given  a  highly  pol- 

SÏÏ W—  »  -***  ■*«* 

appearance. 
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Very  hard  rust  cannot  be  removed  with  dolomite;  one  of  the  grades 
of  aluminum  oxide  is  usually  adequate,  and  if  necessary,  one  of 
the  silicon  carbide  powders.  The  latter  is  to  be  avoided  unless 
it  is  used  to  remove  only  the  major  portion  of  very  thick  corro¬ 
sion,  the  final  portion  being  abraded  off  with  aluminum  oxide. 
Protracted  use  of  the  very  hard  abrasives  causes  severe  wear  of 
those  parts  of  the  unit  which  come  in  direct  contact  with  the 
abrasive  flow.  If  these  powders  are  used  frequently  or  for  many 
consecutive  hours  a  special  unit  especially  equipped  with  tungsten 
carbide  fittings  should  be  used. 

Metallic  embroidery  -  silver,  gold,  or  silver  with  a  gold  wash  - 
must  be  cleaned  with  glass  beads,  which  remove  the  tarnish  quickly 
and  leave  a  satin  finish.  This  is  a  gentler  method  than  the  glass 
bristle  brush,  since  no  strain  is  applied  to  the  threads  by  rubb¬ 
ing.  The  best  results  seem  to  be  obtained  when  the  pressure  is 
lowered  and  the  flow  of  beads  is  ample.  When  the  silver  is  couica 
with  a  gold  finish,  care  must  be  taken  to  remove  only  the  tarnish, 
stopping  the  flow  of  beads  as  soon ’as  the  metallic  sheen  is  vis¬ 
ible;  otherwise  the  gold  will  disappear  as  rapidly  as  the  tarnisn» 

Only  a  few  kinds  of  paper  can  be  exposed  to  the  air jet.  Printed 
paper  is  easily  damaged,  but  plain  paper  may  often  be  dusted 
lightly  with  glass  beads.  Most  important  factors  are  lowered 
pressure,  increased  nozzle— surf ace  distance,  and  a  light  touch 
by  the  operator.  Repeated  applications  of  beads  over  the  same 
.area  should  be  avoided. 

Shell  and  stone  are  usually  washable,  but  when  the  surface  is 
rough,  glass  beads  and  full  pressure  will  clean  dirt  from  all 
crevices  and  pits  very  easily.  Glossy  shell  should  be  cleaned 
with  glass  beads  only. 

Since  wood  specimens  may  have  many  types  of  surface  treatment, 
the  application  of  either  dolomite  or  glass  beads  must  be  mod¬ 
ified  for  each  particular  case.  Some  painted  surfaces  could  be 
damaged  by  the  injudicious  use  of  dolomite;  another  could  be 
cleaned  with  perfect  safety.  Testing  on  an  inconspicuous  area 
and  using  the  softest  abrasive  at  the  beginning  is  safest,  as 
some  wood  is  as  soft  as  the  paint  on  the  surface.  On  the  other 


hand,  dolomite  removes  old,  hard  unwanted  varnish  from  carved 
objects,  with  no  attendant  scratches  and  gouges  which  would  be 
left  by  scrapers  and  no  residue  from  chemical  paint  removers . 

Textile  cleaning  must  obviously  be  restricted  to  those  small 
pieces  which  are  parts  of  larger  specimens  of  leather  or  other 
materials.  Doll’s  clothing  which  cannot  be  removed  from  the 
dell  without  destroying  original  sewing  stitches,  linings  of 
leather  bags,  headdresses,  belts,  etc.  are  cases  in  point. 
Greasy  cloth  must  first  be  dry  cleaned  with  solvents.  Among 
textile  fibers  which  are  definitely  too  fragile  to  withstand 
the  air jet  are  loosely  woven  wools,  old  silks,  sheer  materials 
and  laces.  Heavy  cotton  can  withstand  an  astonishing  amount  of 
scrubbing  with  dolomite,  but  a  magnifying  glass  should  be  worn 
by  the  operator  to  keep  close  watch  on  the  fabric  surface. 

It  should  be  kept  in  mind  that  the  cleaning  of  the  materials 
mentioned  above  is  only  mechanical.  Active  rust  is  removed, 
but  the  causes  of  the  rusting  have  not  been  corrected.  Tarnish 
silver  has  become  bright  again,  but  the  surface  has  not  been 
protected  against  future  darkening.  Therefore  when  objects  are 
cleaned  by  the  airbrasive  process  any  fundamental  instability 
remains  unchanged. 


THE  PROBLEMS  OF  TREATING  ETHNOGRAPHICAL  SPECIMENS  WITH 

APPLIED  SURFACE  PAINT 

(To  be  read  in  conjunction  with  illustrative  decorated  slides) 


H.J.  GOWERS 


We  are  all  conscious  of  the  problems  facing  the  restorer  of  European  oil 
paintings,  and  are  aware  of  the  universally  approved  methods  of  dealing  with 
them.  There  is,  in  the  field  of  Ethnography,  a  parallel  but  much  less 
appreciated  problem,  namely  that  of  cleaning,  treating  and  restoring  objects 
of  tribal  origin  which,  however  important  ethnographically,  have  through  the 
application  of  painted  surfaces,  an  undeniable  aesthetic  value. 

The  conservation  of  these  objects  has  been,  in  the  past,  all  too  frequently 
neglected,  but  must  now  be  tackled  as  a  priority.  At  one  time  in  the  not  too 
distant  past,  when  a  conservator,  usually  untrained,  found  an  object  in  this 
category,  he  would  probably  realize  the  complexity  of  its  treatment,  and 
would  carefully  conceal  it  in  an  obscure  corner  before  moving  to  the  next 
object. 

In  fact  this  apprehension  often  proved  to  be  more  helpful  to  modern  conserv¬ 
ation  techniques  than  that  of  the  intrepid  operator  who  made  every  effort  to 
solve  his  problem.  His  efforts  were  often  restricted  by  a  minimal  knowledge 
of  background  information  on  his  remedial  materials  and  the  art  history  of  the 
objects  he  applied  them  to.  Inevitably  mistakes  were  made  and  much  damage 
occurred,  the  reversal  of  which  still  complicates  the  work  of  applying  modern 
corrective  treatments. 

Due  to  the  exceptional  work  done  in  our  Research  Institutes  and  Training 
Centres,  we  have  gone  a  long  way  to  putting  things  to  order,  but  in  this  field 
much  requires  to  be  done. 

The  object  of  this  paper  is  to  illustrate  a  variety  of  the  problems  which  face 
the  conservator  of  ethnographical  objects  on  which  a  painted  surface  has  been 
applied,  and  to  show  too  some  of  the  problems  which  the  many  and  varied  supp¬ 
orting  materials  cause,  and  the  conditions  governing  their  conservation  and 
restoration.  It  is  not  to  submit  or  discuss  a  series  of  practical  curative 
treatments  for  reasons  which  I  hope  will  be  obvious  from  the  slides  I  now 
propose  to  show. . .  . 


Item  1 


My  first  slide  shows  a  Peruvian  Kero,  or  painted  wooden  beaker  dating  back 
to  the  Inca  period.  With  its  varnished  finish  it  is  perhaps  the  closest  we  will 
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get  to  European  painting,  it  has  reacted  with  time  as  we  would  expect 
European  paintings  to  react.  The  whole  surface  shows  considerable 
craquelure.  Treatment,  on  similar  lines  to  those  used  on  cleaning  oil 
paintings  has  been  used  to  bring  to  light  a  rather  colourful  representation 
of  agricultural  scenes  -  a  valuable  contribution  to  the  study  of  Peruvian 
agricultural  methods. 

Item  2 

From  Java  originate  some  very  fine  painted  objects.  The  Wayang  puppets, 
probably  rhore  than  150  years  old,  were  made  of  untanned  but  carefully 
prepared  hide  which  was  very  finely  perforated  before  being  painted  and 
embellished  with  gold  leaf. 

The  water-soluble  pigments  were  applied  in  strict  rotation;  they  show 
signs  of  being  treated  with  dammar  varnish.  The  problems  excluding  those 
accredited  to  normal  wear  and  tear,  are  that  the  skin  inevitably  contracts 
with  dessication,  and  contraction  brings  about  blistering  of  surface  pigment 
which  accelerates  as  the  process  progresses.  There  is  a  need  for  the  skin 
to  be  dressed,  but  without  strict  control,  the  dressing  w  11  penetrate  the 
underside  of  the  blistered  paint  layer  as  well  as  the  upper  side  of  the  skin 
from  which  it  has  become  detached.  Both  will  be  impregnated  by  greasy 
material  making  reattachment  of  the  blistered  paint  a  precarious  and 
complicated  operation. 

Item  3 

Masks  of  wood,  also  from  Java  and  of  about  the  same  age,  were  painted 
similarly  to  the  puppets,  and  for  similar  reasons  except  that  in  this  instance 
the  cause  of  deterioration  of  the  painted  surfaces  was  contracting  wood;  the 
paint  tends  to  flake,  it  also  tends  to  become  powdery.  After  150  years 
considerable  cleaning  is  necessary.  There  is  a  method  of  accomplishing 
the  cleaning  without  inflicting  further  damage.  Damage  occurs  when  what 
might  seem  to  be  a  normal  cleaning  method  is  applied  to  water  soluble  colours 
and  excessive  pressure  or  abraiding  swabs  are  used. 

What  appears  to  be  simple  cleaning  will  quickly  reveal  a  brighter  undersurface 
this  surface  is  likely  to  be  not  the  top  paint  layer,  which  is  easily  removed,  but 

an  underlayer. 

Item  4 

A  painted  buffalo  hide  robe  from  the  plains  of  North  America  is  an  excellent 
example  of  its  kind.  Due  to  the  rather  wocfty  nature  of  its  surface  the  hide 
needs  both  cleaning  and  dressing;  either  process  could  result  in  loss  of  the 
rather  fine  detail  of  the  painting.  Until  the  advent  of  airbrasive  treatment. 


dry  cleaning  was  a  possible  method  of  dirt  removal,  but  not  a  very  successful 
one. 

Item  5 


A  painted  oppossum  skin  from  Australia  (now  treated)  presented  a  rather 
different  problem.  It  was  found  in  a  small  tin,  folded  into  about  eight,  and  in 
a  dessiccated  condition.  It  had  become  brittle  and  distorted.  The  woolly  hair 
remained  on  the  epidermic  layer  of  the  skin  while  the  edipose  layer  was 
painted  with  geometrical  designs  in  red  ochre.  The  problem  with  this  object 
was  to  relax  the  skin  so  that  the  colour  was  not  disturbed  and  at  the  same  time 
to  ensure  that  the  character  of  the  hair  remain  unaffected. 

Item  6 


Inspection  of  a  roll  of  painted  cloth  from  Ceylon,  showed  the  paint  had  been 
applied  over  a  white  ground,  but  rolling  and  unrolling  had  weakened  this  and 
the  surface  paint  layer  was  flaking  off  leaving  a  rather  loose  white  powdery 
ground.  In  addition  to  this,  the  cloth  itself  had  deteriorated  and  was  splitting 
along  the  lines  of  both  its  warp  and  its  weft.  The  whole  painted  roll  was  in 
need  of  consolidation,  but  primarily,  the  supporting  cloth  had  to  be  strength¬ 
ened  so  as  to  retain  sufficient  flexibility  to  remain  in  a  rollable  condition  - 
an  operation  which  could  result  in  loss  of  a  considerable  amount  of  surface 
paint.  If  the  treatment  had  been  long  delayed,  quite  possibly  some  sections 
of  the  support  would  have  become  detached  or  irreparable. 

Item  7 

Closely  associated  with  woven  cloth  are  the  various  types  of  barkcloth, 
manufactured  by  soaking  and  beating  selected  pieces  of  bark  into  sheets  of 
cloth-like  material.  This  bark  cloth  is  found  in  many  parts  of  the  world  and 
has  a  number  of  uses.  It  can  be  seen  here  as  part  of  the  constructional 
material  of  masks  from  Melanesia,  and  in  that  capacity,  as  a  very  unstable 
support  for  the  painted  decoration. 

Item  8 


Many  wood  sculptures  are  either  undecorated  or  have  a  single  overall  surface 
enrichment,  but  the  malanggan  carvings  from  New  Ireland  provide  some  of 
the  greatest. problems  in  the  field  of  the  conservation  of  painted  surfaces.  The 
sculptures  themselves,  often  of  a  high  quality,  are  not  usually  highly  finished 
and  rely  to  a  considerable  extent  on  finely  applied  decorative  designs  for  much 
of  their  effect.  The  earth  pigments  used  were  normally  applied  after  mixing 
them  with  water  to  form  a  slurry  -  seldom,  if  ever,  was  any  binding  medium 
used  -  so  that  the  colours  which  were  applied  directly  onto  untreated  wood, 
would  quickly  dry  out  to  leave  only  a  powdery  decoration  which  was  free  to  be 
removed  or  damaged  by  touch.  Over  a  period  of  years  mush  of  this  paint  has 
been  lost,  while  the  remainder  has  got  submerged  beneath  layers  of  dust  in 
our  collections.  It  is  the  removal  of  this  dust  without  the  removal  of  the 
remaining  powder  colour  which  makes  cleaning  these  objects  singularly 
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problematical.  Even  more  complicated  are  some  of  the  masks  from  the  same 
Islands.  These  are  further  decorated  with  a  variety  of  other  materials,  most 
of  them  vegetable  and  hygroscopic,  and  all  require  cleaning.  Incorrect 
cleaning  methods  could  very  easily  be  responsible  for  loss  of  facial  colour¬ 
ation,  or  if  not  loss,  noticeable  damage  due  to  undersurface  staining. 

Item  9 

Rather  similar,  but  less  ornate,  are  the  painted  wooden  boards  from  the 
Nicobar  Islands.  This  hentakoi  on  which  the  rather  thickly  applied  paint  can 
be  seen  to  be  flaking  claimed  to  keep  away  evil,  but  its  claim  was  totally 
rejected  by  wood  borers,  and  the  powdery  wood,  which  survives,  must  be 
treated  with  a  consolidant.  Many  consolidants  suitable  for  the  proper  consol¬ 
idation  of  wood  in  this  powdery  condition  are  irreversible,  or,  if  reversible, 
reversible  only  by  a  process  which  may  seriously  damage  the  decorated 
surface. 

Item  10 

The  bark  on  which  the  Australian  bark-paintings  are  supported  is,  in  its 
natural  state,  of  arched  cross-section  when  removed  from  the  tree.  Although 
flattened  before  being  painted  it  has  a  natural  tendency  to  revert.  The  results 
of  such  movement  of  the  support  upon  the  paint  layer  are  obvious,  and  the 
problem  of  conserving  this  paint  and  at  the  same  time  laying  flat  the  support 
gives  rise  to  many  complications. 

Item  1 1 

The  Congo  mask  shows  a  rather  heavily  painted  surface.  A  certain  amount 
of  fatty  matter  is  sometimes  used  in  the  preparation  of  the  paint  to  act  as 
binding  material  but  this  thickens  the  paint  with  the  result  that  it  forms 
flakes  on  drying.  The  high  humidity  of  the  Congo  tends  to  preserve  such 
painting,  but  a  change  to  drier  climates  will  cause  loss  of  flakes,  sometimes 
at  an  alarming  rate. 

Item  12 

The  next  slide  shows  a  ceremonial  figure  from  New  Britain.  It  is  formed 
on  a  cane  and  stick  foundation  overlaid  with  vegetable  fibre  bindings  built  to 
the  required  shape.  Covering  the  binding  is  a  layer  of  fibrous  pulp  which 
forms  the  skin  and  acts  as  the  support  for  the  paint  layer.  The  skin  layer 
contracts  in  time,  causing  cracking  and  flaking  until  finally  large  sections  of 
painted  fibre  get  dislodged  and  the  under  surface  vegetable  fibre  binding  is 
free  to  uncoil  and  exert  further  pressures  on  the  skin  to  accelerate  break¬ 
down. 
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Item  13 


Finally  a  few  examples  of  Bushman  art.  Rock  paintings  collected  from 
South  Africa  were  painted  directly  onto  rock  surfaces.  Often  one  painting  is 
superimposed  upon  a  previous  one.  The  colours  are  earth  pigments,  soot, 
etc.  ,  with  little  or  no  binding  medium.  It  is  presumably  because  of  the 
impermanence  of  the  colours  that  we  have  this  superimposition  of  paintings 
and  it  follows  that  when  the  superimposed  painting  loses  its  intensity  and 
merges  into  the  original,  the  problem  to  the  conservator  becomes  that  much 
more  involved. 

These  are  just  a  few  examples  within  a  specialized  field,  which  face  the 
conservator  of  ethnographical  objects  in  his  laboratory.  The  objects,  once 
replaceable,  can  no  longer  be  treated  so,  and  conservation  is  now  an  urgent 
need.  But  conservation  techniques  and  materials  are  many  and  varied,  the 
degree  of  their  efficiency  varies  considerably  too.  It  is  therefore  most 
important  that  methods  and  materials  be  subjected  to  research  and  the  findings 
widely  circulated,  for  there  are  few  generally  accepted  methods  or  standards 
laid  down  for  conservators  of  ethnographical  material  to  follow.  Then  the 
best  possible  conservation  work  may  become  the  norm  wherever  these  problems 
exist.  Permanent  improvement  should  be  the  aim  wherever  possible. 


H0N  jáTHN OGRAPHICAL  STORAGE  IN  THk  ROYAL  SCOTTISH  MUSEUM. 
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Ethnographical  collections  present  particular  storage  problems  for  two  main  reasons. 

The  first  concerns  the  great  variations  in  size  of  the  objects  which  may  range  from 
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stone  arrowheads  to  canoes  20*^ long,  and  the  second  the  variety  of  materials  from 
which  the  objects  are  made.  Furthermore  the  artifacts  produced  by  primitive 
peoples  were  seldom  intended  to  stand  upright  upon  a  rlat  surface  and  are 
consequently  less  comfortable  stored  in  standard  shelved  cupboards  than,  for 
instance,  European  silver  and  glass. 

In  ther Royal  Scottish  Museum  the  major  part  of  the  ethnographical  reserves, 
comprising  Oceanic  and  African  material  with  some  North  American  Indian  and  Eskimo 
costume,  are  kept  in  a  tunnel- like  cellar  100  ft  long  and  20  ft  wide  with  a  lew 
arched  roof.  Before  the  new  storage  system  was  installed  last  year  this  material 
was  crannied  into  a  miscellaneous  series  of  cupboards  all  having  different  locks; 
wooden  cupboards  with  fixed  shelving,  redundant  glass  display  cabinets,  and  metal 
cases,  which  had  been  squeezed  into  the  cellar  at  randan  as  the  growing  collection 
became  Increasingly  difficult  to  contain.  Many  objects  that  were  too  large  or  too 
awkwardly  shaped  to  fit  into  the  shelves  lay  on  top  of  cupboards  or  on  the  floor  of 
the  cellar  (a  sight  familiar  to  many  curators).  Because  of  the  acute  shortage  of 
space  it  was  necessary  to  store  the  objects  almost  entirely  according  to  type  ie  all 
African  pottery  together,  and  not  by  geographical  and  tribal  area,  which  gave 
visitors  to  the  collection  a  great  deal  of  work  in  finding  the  material  of  their 
particular  area  of  specialization. 

We  wanted  to  achieve  a  storage  system  which  would  allow  us  as  far  as  possible 
to  combine  geographical  and  typological  methods  of  classification,  so  that  Nigerian 
material,  for  example,  would  be  kept  together,  subdivided  by  region,  tribe,  and 
finally  type  of  object.  This  kind  of  arrangement  requires  space  and  so  we  tried 
to  devise  a  system  which  would  make  the  most  efficient  use  of  the  cellar  area, 
satisfy  the  basic  requirements  of  any  storage  system  by  ensuring  that  the  objects 


be  both  safe  and  accessible,  and  above  all  provide  the  maximum  facilities  for 
flexible  expansion. 

Open  trays  rather  than  boxes  were  selected  as  the  basic  storage  unit.  Trays 
make  quick  inspection  an  easier  task  so  that  handling  of  the  objects  themselves  is 
reduced  to  a  minimum.  The  system  eventually  agreed  upon  in  conjunction  with  the 
Supplies  Division  of  the  Department  of  the  Environment  was  designed  around  a  plastic 
tray  with  built-in  runners  which  was  already  commercially  available  in  Britain,  and 
is  used  mainly  by  bakers  end  confectioners, 
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The  tray  measures  28|"  x  lôf"  x  3”  (inside),  and  is  made  of  injection-moulded 
ABS  (Acrylonitrile  Butadiene  Styrene).  ABS  is  non-toxic,  precluding  sny  cnemical 
effect  on  the  objects,  and  being  a  one  piece  moulding,  there  are  no  crevices  or 

joints  to  harbour  dirt.  The  rigid  plastic  is  very  tough  with  a  good  strengt h/weight 
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ratio.  Each  tray  weighs  5  lb  3j  oz  which  is  much  lighter  than  a  tray  of  equivalent 
size  in  wood  or  metal,  and  there  is  less  risk  of  abrasion  to  the  objects.  Each  tray 
has  built-in  runners  on  both  the  top  and  bottom  edges  which  give  a  positive  location 
for  slide- stacking.  We  chose  the  model  with  a  perforated  mesh  base  but  the  tray  is 
also  available  with  a  solid  base. 


trays  are  used  in  double— doored  locking  cupboard  units  built  of  African 
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mahogany.  Each  unit  is  36"  wide  and  32"  deep  and  they  come  in  two  heights, 
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6  ft  and  6  ft  10"  to  take  into  account  the  variation  in  height  of  the  arched  cellar 
roof.  Each  unit  is  subdivided  vertically  by  two  hardwood  panels,  and  the  plastic 
trays  slide  lengthwise  an  hardwood  runners  screwed  to  the  sides  end  dividers  at  6" 
intervals.  Each  unit  can  nold  a  maximum  number  of  54  trays,  or  trays  may  be  removed 
at  intervals  and  separated  according  to  the  size  of  the  objects  they  contain.  Uwing 
to  the  modular  design  of  the  units  the  trays  are  completely  interchangeable  end  may 
be  transferred  from  one  unit  to  another  without  disturbing  the  objects.  The 
vertical  dividing  panels  are  secured  by  brass  bolts  to  the  unit  so  that  one  or  both 
may  be  removed,  and  the  space  thus  created  can  then  be  divided  horizontally  by 
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shelves  which  rest  upon  the  hardwood  runners  screwed  to  the  sides, 

The  units  with  the  internal  fittings  provided:  trays,  vertical  dividers  and 
horizontal  shelves,  are  very  adaptable,  and  Dy  employing  different  permit  at  ions  it 
has  been  possible  to  store  the  collection  in  a  far  more  satisfactory  manner.  We 


have  not,  however,  been  able  to  store  the  collection  entirely  upon  a  geographical/ 


tribal  basis.  There  are  two  classes  of  object  in  particular  which  it  has  been 
necessary  to  keep  together,  costume  and  weapons.  These  nave  required  special 
solutions  since  the  tray  end  shelf  system  could  not  satisfactorily  accommodate 
material  of  this  kind. 

The  problem  of  storing  costume  was  solved  by  using  three  large  bays  in  the 
cellar  as  locking  wardrobes  in  which  the  garments  hang  from  rails  on  padded  hangers. 
The  problem  of  the  weapons  was  more  difficult  because  of  their  variation  in  size  and 
weight.  Ideally  we  required  a  solution  that  would  permit  individual  examination  of 
each  item  and  yet  not  be  wasteful  of  space,  and  eventually  we  arrived  at  a  system  of 
vertical  sliding  wire-mesh  frames.  A  similar  method  is  frequently  used  by  art 
galleries  for  storing  paintings,  and  the  British  Museum  has  used  static  wire— mesh 


within  locking  cupboard  units.  Each  frame  consists  of  a  squ«ro  mahogany  framework 
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covered  with  2"  expanded  steel  mesh,  plastic-coated  to  prevent  abrasion,  to  which  the 
weapons  are  attached.  Each  frame  slides  out  of  the  unit  on  an  extending  overhead 
metal  track  to  permit  individual  inspection  of  the  specimens. 


3. 


The  Curator  and  the  Conservation  of  Ethnological  Materials 

Barrie  Reynolds 

Being  a  museum  curator  responsible  for  ethnological 
collections  and  also  an  ethnologist  specialising  in  aboriginal  technology 
and  material  culture,  I  am,  naturally,  deeply  interested  in  the 
conservation  of  ethnological  material.  This  inteî  est  is  by  no  means  a 
narrow  one  for  it  runs  the  whole  gamut:  from  sir  .pie  objects  to 
ethnological  photographs  and  sound  tapes;  from  ensuring  proper  attitudes 
among  museum  personnel  in  the  handling  and  storage  of  specimens  to 
stimulating  research  projects  devoted  to  the  more  complex  problems  of 
preservation;  from  determining  priorities  in  research  and  treatment 
for  museum  collections  to  studying  the  particular  problems,  both 
technological  and  cultural,  presented  by  open  air  museums  and  by 
ethnological  material,  such  as  totem  poles,  that  needs  to  be  preserved 
in  situ. 

However,  my  concern  in  this  present  paper  is  not  the 
technological  problems  of  conservation  —  these  will  be  very  ably 
discussed  elsewhere  in  these  meetings  —  but  rather  the  position  of  the 
curator  of  ethnology  with  regard  to  collections  and  their  conservation. 

An  understanding  of  this  is,  I  feel,  important  to  any  consideration  of 
ethnology  conservation  for  it  is,  after  all,  the  curator  who  normally 
determines  what  objects  should  be  acquired,  loaned  or  exhibited  and 
even  in  what  manner  they  should  be  kept  and  to  what  level  they  should 
be  restored.  Indeed,  in  many  museums  throughout  the  world,  the 
curator  of  ethnology  must  perforce  be  his  own  conservator. 

Unlike  the  biological  sciences,  ornithology  for  example  — 
where  it  is  usually  easy  to  differentiate  exhibition  and  study  material 
and  where  all  important  type  specimens  are  carefully  identified  and 
protected,  the  cultural  field  is  rarely  so  clearcut:  in  ethnology,  there 
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are  no  typespecimens;  objects  are  usually  both  scientific  specimens 
and  exhibits;  identification  is  often  casual  and  haphazard;  the  aesthetic 
appeal  of  an  object  is  sometimes  allowed  to  outweigh  its  scientific 
merit;  acquisition  policies  are  frequently  ambivalent  —  seeking  both 
soundly  documented  and  authenticated  ethnological  specimens  and  also 
attractive  exhibition -worthy  objects  with  scant  regard  for  such  data. 

For  the  rr  jseum  ethnologist,  however,  the  primary 
importance  of  an  object  must  be  its  value  as  a  source  of  information 
on  the  culture  concerned.  In  terms  of  exhibitions  the  same  holds  good, 
for  the  object  is  but  a  vehicle  that  enables  us  to  convey  ideas  regarding 
the  ways  of  life  of  other  peoples,  including  their  technical  skills  and 
their  aesthetic  values. 

Because  of  weak  documentation  and  often  doubtful  attributions, 
a  curator  must  often  accept  that  a  major  part  of  the  collections  in  his 
care  needs  very  careful  research  to  determine  what  is  of  real  scientific 
value.  The  absence  of  a  system  of  type  specimens  and  rapid 
authentication  plus  the  fact  that  these  doubtful  objects  in  a  collection  can 
be  of  considerable  number  make  the  situation  no  less  difficult. 
Nevertheless,  the  curator  must  continue  to  conserve  and  protect  them 
impartially  until  such  time  as  they  can  be  evaluated.  With  the  rapid 
drying  up  of  sources  of  ethnological  material  and  with  the  growing 
realisation  of  the  importance  of  cultural  heritage,  these  objects  achieve 
a  new  significance  and  the  need  to  develop  techniques  for  their  handling 

and  proper  evaluation  increases. 

The  conservator  and  the  curator  normally  meet  in  the  context 
of  the  museum.  Rarely  does  the  conservator  have  the  opportunity  of 
seeing  the  curator  of  ethnology  under  field  conditions  for  any  length  of 
time,  and  his  first  sight  of  the  resultant  collection  is  usually  when  the 
objects  are  removed  from  their  packing  cases  on  arrival  at  the  museum. 
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Yet  the  conditions  under  which  a  collection  is  made  in  the  field  affect 
very  greatly  the  attitude  of  the  ethnology  curator  towards  museum 
objects.  Seventeen  years  ago  I  made  my  first  field  collection  —  among 
Masarwa  in  what  is  now  north-east  Botswana.  Since  that  occasion  I 
have  had  numerous  opportunities  to  observe  —  and  often  to  be  amused 
by  —  my  own  behaviour  pattern  and  reactions  to  field  conditions  and 
to  confirm  these  fro  n  my  observations  of  colleagues  both  in  Africa  and 
in  North  America.  Since  the  best  collections,  ethnologic  ally  speaking, 
are  the  product  of  fieldwork  by  a  trained  ethnologist,  a  consideration  of 
such  field  conditions  is  useful. 

-  The  sequence  of  events  appears  simple:  the  field  ethnologist 
acquires  an  object  from  the  local  people,  gathers  the  appropriate 
documentation,  stores  the  object  until  his  departure  and  then  packs  it 
carefully  for  the  journey  to  his  museum  where  it  becomes  a  "museum 
specimen”  to  be  treated  with  considerable  care  and  preserved  in  its 
authentic  condition.  What  may  well  have  been  a  very  mundane  object 
in  the  village  attains  a  new  importance,  almost  a  "sacred"  state.  The 
object  is  in  fact  frozen  in  time.  This  sequence  is  indeed  simple. 

But  what  in  fact  really  does  occur  in  the  field?  Although  some 
curators  do  make  specific  collection  trips  or  go  to  the  field  in  large 
expeditionary  groups,  I  would  suggest  that  normally  the  museum  ethnologist 
goes  almost  alone  to  a  chosen  field  to  learn  as  much  as  possible  in  a 
limited  time  about  the  local  peoples  and  to  document  their  culture  — 
both  social  and  material.  Time  devoted  to  the  actual  acquisition  of 
objects  is  to  a  certain  point  gladly  spent  but  work  beyond  that  point  or 
their  subsequent  day-to-day  inspection  and  management  quickly  becomes 
an  onerous  chore.  The  acquisition  of  a  particularly  fine  specimen 
kindles  enthusiasm  but  the  normal  viewpoint  is  of  specimens  as  a  source 
of  data  not  as  aesthetic  objects  to  be  given  full  museum  treatment.  This 


-  4  - 


field  attitude  towards  objects  is  understandable.  Lacking  skilled  staff 
and  increasingly  conscious  of  his  limited  time  and  limited  resources 
the  fieldworker  must  concentrate  on  what  he  considers  the  most  important 
topics  and/gathering  as  much  data  as  he  can. 

In  all  fairness,  I  should  mention  that,  given  the  choice  of  a 
companion,  I  doubt  that  such  an  ethnologist  would  choose  a  conservator 
to  relieve  him  of  this  particular  burden.  His  priorities  are  normally 
such  that  he  would  prefer  a  linguist,  a  physical  anthropologist,  a  film 
photographer  or  an  audio-visual  technician  to  augment  his  own  field 
work. 

Something  I  myself  have  always  found  a  little  hard  to  accept 
is  the  sudden  change  from  participant  to  observer  status.  In  our  own 
society  the  ethnologist  is  expected,  as  is  any  man,  to  conform,  to  be 
reasonably  efficient  in  his  work  and  activities.  In  the  field,  however, 
the  ethnologist  is  essentially  an  observer  and  must  refrain  as  far  as 
possible  from  direct  interference  in  the  local  society.  If  this  is  the 
case  in  social,  ritual,  economic  and  even  technological  activities  it  is 
no  less  so  where  a  material  object  is  involved.  To  intervene  where 
carelessness,  ignorance  or  mismanagement  threatens  damage  to  an 
object  —  a  clay  pot,  the  flights  of  an  arrow,  a  reed  mat,  a  canoe  — 
could  dislocate  very  quickly  the  rapport  between  the  ethnologist  and  the 
community.  And  anyway  why  bother  when  there  are  so  many  examples 
of  the  object  available  in  the  village?  The  museum  ethnologist  cannot 
afford  to  impose  rigid  museum  standards  and  attitudes  in  this  new 
environment . 

Even  after  an  object  is  acquired  and  stored  —  in  a  tent  or  hut  — 
it  does  not  automatically  acquire  museum  status.  Besides  continuing 
to  be  vulnerable  to  local  climatic  and  insect  damage,  it  is  often  dirty 
or  damp  and  must  on  occasions  be  handled  by  villagers  keen  to  learn 
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what  interests  the  foreigner  or  to  help  identify  a  material,  a  motif  or 
the  personal  history  of  the  object  itself.  It  would  be  an  unusual 
ethnologist  who  refused  to  allow  villagers  to  touch  such  objects  of  their 
own  culture,  for  the  giving  of  what  could  be  viewed  as  gratuitous 
offence  might  well  have  serious  repercussions.  Again,  to  what  end  for 
replacements  for  any  items  damaged  are  usually  readily  available. 

When  it  comes  to  packing  and  transport  different  problems 
present  themselves.  Choosing  isolated  communities  as  they  so  often 
do,  ethnologists  come  to  expect  difficult  access  routes.  Because  of 
transport  costs  and  other  factors  the  import  of  sophisticated  packing 
materials  must  be  kept  to  a  minimum  so,  when  it  comes  to  packing 
specimens  for  the  return  journey,  local  materials  are  often  necessary. 

I  myself  have  used  —  and  most  effectively  too  —  thick  padding  of  local 
grass  tied  round  with  Hyphaene  palm  leaf  strip  to  protect  clay  pottery 
in  journeys  from  the  field;  there  are  many  other  expedients.  But 
bulky  or  very  heavy  items  present  particular  problems  that  are  not  so 
easily  solved  and  frequently  they  have  to  be  transported  unprotected. 

The  actual  transport  of  a  field  collection  —  drawing  on  my 
own  experiences  --  can  be  exasperating.  Keeping  objects  dry  during 
a  journey  in  a  cranky  dug-out  canoe,  or  even  later  drying  them  out  on  the 
bank,  is  a  problem  in  itself  to  say  nothing  of  difficulties  caused  by  rain 
or  blazing  sun.  Clumsy  carriers  who  fail  to  avoid  low  branches  or  who 
jar  their  loads  when  putting  them  down;  packages  that  unaccountably  come 
loose:  all  these  are  normal  tribulations  as  too  are  the  damage  risks 
encountered  in  over- eager  assistance  in  the  loading  of  the  collection 
onto  a  vehicle  and  the  incessant  jolting  that  results  from  long  journeys 
over  bad  roads.  There  is  too,  for  many  museum  collections,  the  final 
journey  by  rail,  boat  or  plane  when  they  are  at  the  mercy  of  our  modern 
systems  of  freight  handling.  Preparation  for  this  may  require  repacking 
in  substantial  containers. 
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A  point  I  would  emphasize  is  that  for  the  object  the  change 
in  status  from  ordinary  village  artifact  to  hallowed  museum  specimen 
is  one  thing  —  a  simple  progression  though,  of  course,  physical 
adjustment  to  new  climatic  and  storage  conditions  must  take  place 
after  arrival.  For  the  ethnologist  responsible,  however,  the  change 
is  not  that  simple.  On  his  return  he  must  make  the  change  back  from 
passive  observer  to  active  participant  in  museum  affairs  and  indeed 
for  at  least  a  few  days  he  is  disoriented  and  in  process  of  readjustment 
to  his  museum  surroundings.  Even  then  some  of  the  attitudes  he  has 
acquired  in  the  field  remain,  particularly  if  he  maintains  an  active  field 
research- programme  that  entails  regular  expeditions.  He  indeed 
accepts  that  the  objects  he  has  collected  are  now  museum  specimens  to 
be  treated  with  care  but  I  doubt  that  he  is  likely  to  achieve  quite  that 
degree  of  carefulness  that  distinguishes  the  conservator.  He  continues 
to  regard  them  as  scientific  specimens,  sources  of  data  rather  than 
solely  exhibition  objects  though  naturally  he  is  happy  for  them  to  be 
exhibited.  Furthermore,  judging  from  my  own  earlier  experiences,  he 
retains  a  mental  picture  of  the  quantities  of  material  still  available  in 
the  field  locality  should  replacements  be  required.  That  local  conditions 
can  rapidly  change  and  sources  of  material  dry  up,  often  do  not  change 

appreciably  this  mental  picture. 

This  perhaps  cavalier  attitude  can  carry  over  into  the 
curator’s  relationship  with  other  parts  of  the  museum  collections  in  his 
charge.  This  approach  is  not  helped  by  pressures  and  other  factors  to 
which  both  he  and  the  collections  are  subject.  Ethnology  collections 
suffer  from  their  very  quantity  and  variety.  They  tend  to  be  inadequately 
housed,  poorly  managed  and  little  appreciated.  The  considerable  shift 
in  emphasis  in  anthropology  towards  social,  non- material  studies  during 
this  century,  has  meant  a  sharp  drop  in  interest  in  material  culture,  a 
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drop  that  is  thrown  into  sharper  relief  by  reason  of  the  enthusiastic 
over- collection  of  massive  quantities  of  objects  during  the  nineteenth 
century. 

The  management  of  these  large  collections  is  something  you 
are  familiar  with.  I  would  mention,  however,  that  since  they  are  for 
the  most  part  unpublished,  they  are  often  little  kr  own  and,  as  a  result, 
attract  relatively  little  visiting  research  activity.  The  whole  is  a 
vicious  circle:  collections  difficult  of  access  with  often  dubious 
documentation;  restrictive  and  poor  service  for  those  wishing  to  consult 
them;  insufficient  curatorial  staffing  to  ensure  publication;  consonant 
lack  of  research  interest  and  usage  even  by  the  staff  themselves; 
resultant  lack  of  justification  for  increased  staff  to  manage  the 
collections  and  to  improve  their  conditions  and  documentation. 

Fortunately,  we  seem  to  be  past  the  nadir  of  interest  in  material  culture 
and,  particularly  with  modern  systems  of  communication  and 
documentation,  can  look  forward  to  some  improvement  in  the  situation. 

With  the  creation  of  new  independent  states  in  many  parts  of 
the  world  during  the  past  decade  or  so,  there  has  been  a  considerable 
upsurge  of  awareness  of  a  people's  own  cultural  heritage.  For  ethnology 
this  has  meant  a  radical  change  in  outlook.  Not  only  must  ethnologists 
today  accept  full  ethical  responsibility  towards  their  field  localities, 
but  also  the  people  themselves  of  these  localities  are  undertaking  their 
own  cultural  studies,  building  their  own  museum  collections.  Ethnology 
is  indeed  no  longer  the  study  of  other  cultures;  for  many  it  is  the  study 
of  their  own. 

For  the  museums  in  these  new  states  the  problems  are  often 
heightened.  A  few  have  inherited  good,  organized  collections;  others 
have  inherited  collections  comparable  in  size  and  condition  (and 
accordingly  problems)  to  those  of  museums  in  older  established  countries; 
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yet  others  have  had  to  begin  from  nothing  or  with  a  mere  handful  of 
objects.  The  recruitment  of  trained  museum  ethnologists  is  never 
easy;  for  such  new  museums  it  is  very  difficult  indeed.  The 
establishment  of  sound  procedures  of  documentation,  care,  storage  and 
exhibition  is  often  too  great  a  problem  for  the  staff  and  other  resources 
available.  The  building  of  collections  by  means  of  fieldwork  is 
similarly  handicapped  and,  all  too  often,  curators  in  these  museums 
find  themselves  following  the  treacherous  path  European  and  American 
museums  beat  in  the  nineteenth  century,  of  amassing  specimens  in  far 
greater  quantity  than  they  can  reasonably  cope  with  properly.  An 
alternative  approach  is  the  neglect  of  field  collection  and  a  very  slow 

buildup  in  collections  as, a  result. 

For  such  museums  there  is  an  urgent  need  of  basic  training 
and  manuals  for  documentation,  collections  management  and  conservation. 
When  one  looks  at  a  continent  like  Africa,  for  so  long  a  rich  source  of 
ethnological  material,  and  notes  just  how  few  are  the  trained  ethnologists 
in  appropriate  museum  positions  and  how  very,  very  few  are  the 
conservators,  one  can  appreciate  the  seriousness  and  urgency  of  the 
problem. 

Next  week,  here  in  Madrid,  the  Steering  Committee  of  the 
ICOM  International  Committee  for  Museums  of  Ethnography  will  meet 
to  discuss  projects  and  activities  for  its  1972/74  programme.  It  will 
no  doubt  be  touching  on  a  number  of  the  problems  I  have  mentioned  in 
this  paper.  One  major  group  of  problems  will,  of  course,  be  those 
concerned  with  ethnology  conservation  in  its  widest  aspects  for,  as  we 
have  seen  from  the  recent  reports  of  our  corresponding  members  in 
some  fifty  ICOM  countries,  conservation  is  a  subject  that  is  of  widespread 
concern  and  there  is  a  strong  interest  in  a  major  expansion  of  work  in 
this  field;  an  expansion  not  only  in  terms  of  greater  efforts  in  finding 


solutions  to  technical  problems  of  preservation  and  restoration,  but 
also  in  setting  standards  for  the  care  of  collections  and  of  objects  on 
exhibition  and  also  in  salvaging  as  yet  uncollected  material  from 
fast- chan  gin  g  cultures. 

Naturally,  the  International  Ethnography  Committee  will  be 
seeking  the  advice  and  assistance  of  its  sister  Co  nmittee  on  Conservation. 
In  closing,  however,  I  would  like  to  take  this  opportunity  provided  by 
this  specialised  meeting  of  inviting  your  comments  on  what  projects  you 
consider  most  urgently  need  to  be  undertaken  in  ethnology  conservation 
and  of  asking  those  who  might  be  interested  in  working  with  the 
Ethnography  Committee  on  conservation  (or  other  projects)  to  contact 
me  sometime  this  week;  I  would  assure  them  that  their  help  would  be 
most  warmly  welcomed. 


October  1972 


Barrie  Reynolds 
National  Museum  of  Man 
National  Museums  of  Canada 
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Speaking  about  the  ethnografcic  heritage,  one  must  bear  in  a:U 
the  rich  historic  material  accumulated  ib  in  ethnografio  museums® 

These  material  monuments  of  history  and  culture  of  the  peoples 


sometimes  date ‘back  to  the  18th  century*  But  for  the  most  part 
K/ 

the  ethnogra$ic  museums  have  collections  of  material  monuments 
1 1 

relating  to  the  period  of  the  19th  and  the  first  half  of  the  20th 
centuries® 

y 

Most  of  tho  othnografic  museums  started  collecting  no.ru- 


I1 


ments  beginning  with  the  19th  century,  and  their  collections  very 


often  have  a  century-old  history*“ 

It  should  be  noted  hero  that  most  of  the  monuments  kept 
in  the  museums  had  been  of  practical  use  before  becoming  museum 
exhibits  which  fact  could  not  but  make  its  imprint  on  their  pre¬ 
servation#  .While  being  kept  in  the  museum,  these  monuxaent;  have  been 
under  the  jX  influence  of  such  factors  as  temperature  fluctuations, 
humidity,  light  and  purity  of  the  air  as  well  as  some  biological 
factors#  J 


The  time  is  of  no  small  influence  here  for  the  things  are 
aging  as  the  time  passes©  That  is  why,  the  in'oblem  of  conservation 
of  historic  and  cultural  monuments  :1a  acquiring  ever  vital  significan 


from  year  to  year©  This  problem  has  become  the 
workers  irrespective  cf  their  natures  be  they 
or  other  kinds  of  muse  urna#' 


concern  of  museum 

) 

'f 

his t cr io  j.  e t hnogr af  ic 
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To  preserve  for  many  centuries  to  come  the  heritage  of  the 
pact 5  to  keep  for  the  future  generations  the  treasures  of  Ennkind 9 s 
culture  is  both  the  honour  ary  duty  and  an  obligation  of  muso  ira 
workers ,  museum  curators  in  the  first  places 

That  is  why*  museum  curators  should  be  people  having  a 
higher  education*  well  acquainted  with  the  tasks  of  conservation 
and  knowing  the  processes  taking  place  with  the  material  of  the 

i 

monument©  The  curators  should  take  into  account  interrelations 

between  the  materials  and  the  environment^  It  is  the  duty  of 

museum  workers  to  take  the  necessary  precautions,  in  due  time  and 

without  mistakes,  for  preventing  ani/  stopping  the  process  of 

/ 

destruction  of  monuments«' 

In  the  light  of  the  above  mentioned,  the  curator  should 
have  extensive  knowledge  about  restoration«  Among  the  museum  curator 
must  be  ohemisists,  physisit3  and  ethnomoiogists  so  that  the 
curator *s  work  correspond  to  the  high  level  of  contemporary  science 

■  tS 

and  to  the  demands  of  the  time^ 

a 

V\  It  is  very  important  to  relieve  information  ca  new  trends 

and  practices  in  museums  of  different  countries«  Unfortunately, 
the  materials  of  meetings  and  conferences  on  the  problems  of  conser¬ 
vation,  far  from  being  accessible,  are  often  kept  urmkncwn  for  the 
"  curators  working  in  the  museums  of  other  countries« 

It  is  high  time  to  establish,  within  the  ICCM  frame¬ 
work,  a  magazine  devoted  to  the  trends  jin  the  theory  and  practice  of 
conservation  of  museum  collections  and  their  restoration. 

Museum  experience  has  shown  that  conservation  embraces  not 

> 

only  all  the  special  measures  aimed  at  preserving  museum  monuments© 
The  term  n conservation”  has  a  broad  sense  when  used  in  our  press i 
it  means  preservation  and  conservation,  i©e?%  creation  of  such 


conditions  for  the^ISkä'Shick,  taking  into  account  its  '¡iiysico- 
ehenical  and  technological  properties,,  open  possibilities  for 
its  conservation  for  many  yearö  to  come*  All  the  questions  pertain- 


W 

ing  to  conservation  of  ethnografic  heritage  ere  to  be  settled  cn 
the  highest  scientific  level*  Research  should  be  based  on  the  means 
and  methods  of  modern  physics,  chemistry  and  biology*  Hence  the 
acuteness  of  the  question  of  creating  an  information  centre  to 
generalize  and,  in  a  certain  sense,  coordinate  and  lead  the  activity 
of  specialists  in  charge  of  the  historic  heritage  conservation«- 


Many  of  the  Monuments  and  collections  kept  in  the  museums 
and  dating  back  to  the  mid-19th  century,  could  have  marked  their 
"centenary"*  In  the  majority  of  cases  they  need  to  have  been 
rendered  "first-aide" restoration* 

As  long  as  restoration  is  aimed  at  preserving  q  monument 
in  its  original  form  wfcth  all  the  distinguishing  features  and 
qualities,  it  should  be  effected  intricately©  "Restoration  is  full 

x>v  partial  rehabilitation  of  the  damaged  museum  monument  and  its 

*  } 

fixing* ••  In  order  to  avoid  irreparable  damages,  restoration  work 
should  be  made  only  by  specialists  in  restoration*"^ 

It  should  be  mentioned  that  the  problem  of  finding  good 
restoration  workers  for  the  museums  is  of  as  much  importance  as 


Foundations  of  Soviet  Museology.1  Moscow,  1955*  P*p.  152-153* 


the  quest ioh  of  having  experienced  curators®  In  choosing  uhe  museum 
staff  v?e  pay  adequate  attention  to  both  questions« 

Many  of  the  museums  have  dozens  and  sometimes  even 
thousands  of  exhibits«  Thus*  the  State  Etlinograthic 


Museum  of  t&e  Peoples  of  the  USSH  in  Leningrad  has  a  quarter  of 
a  million  exhibits  of  material  and  spiritual  culture  of  the  ,134 
peoples  inhabiting  the  Soviet  Union  today«  In  December  this  year, 
v?e  shall  mark  the  30th  anniversary  of  the  formation  of  our  multi¬ 


national  state«  Some  of  the  exhibits  need  to  bo  restored  th  every 
year« 

The-process-of-aging-is-irreversible  »-Ihat-is -why-one 
per~cent-crfJbhe-total"number'~of-exhibits- is -quite -a  considerable 
ammount-of  "monuments— -25-^housand  -  exhibits  -~ 

The  process  of  aging  is  irreversible*  Every  year  the  number 
of  monuments  under  restoration  reaches  a  considerable  quantity  - 
23  thousand  exhibits,  though  they  account  only  for  one  per  cent 
xof  the  total  numberv 

The  problem  of  keeping  the  collections  open  to  visitors  m 

the  museum  halls  is  of  special  importance  in  the  conservation 

* 

problem. 

The  exhibits  displayed  in  the  museum  halls  for  visitors 
constitute,  as  a  rule,  about  ten  per  cent  of  all  the  material  the 
museum  has.  Usually,  from  83  to  93  PQ£  cent  of  the  exhibits  are 
kept  at  depositories.  The  exhibits  in  the  halls  are  kept  in  specie«.! 
cases,  windows,  stands  and  podiums.  In  such  cases  the  exh.ib5.os  axe 
in  danger  of  being  damaged  more  quickly  than  in  depositories. 

Much  depends  on  the  form  of  exhibiting  the  monuments  5  the 
system  of  their  fastening,  the  light,  biological  factors,  the 
influence  of  condensed  air  or  its  absence?  We  do  not  rule  out  the 
possibility  of  monuments  being  stolen© 


ox b on  the 


y he  problem  becomes 
cases  and  windows 


still  more  complicated  for  x er- y 
are  not  hermetically  closed*  The 


above  said  bears  to  the  dií  i  xculuies  of  niioGom  conservation.# 


It  can  be  noted  once  again  that  many  mas  earn  monuments  aro 
made  of  heterogeneous  materials?  metal  and  fabric,  iron  and  .¿.eabher, 
0tc#J,  which  mates  it  the  complicated  and  diverse  process  of  con¬ 
servation  still  more  complex  and  many-sided# 

It  is  desirable  that  special  houses  be  built  for  ethnographic 

museums  having  its  own  "museum*'  climate  and  new  type  of  equipment# 

—  ,  . 

This  will  contribute,  in  great  measure  to  the  futre  conservation 

of  museums  and  -their  monuments#  However,  modern  museums,  as  they 

are  today,  very  often  have  i>o  up-tc-date  equipment  not  only  for  the 

expositions  but  even  for  the  depositories  •* 

It  is  time  the  problem  of  designing  special  museism  furniture 

which  is  inexpensive  and  easy  in  exploitation,  be  solved#  It  should 

be  appropriate  to  declare  contests  for  designing  such  furniture, 

,-öith  tho  broad  discussion  of  the  designs#' 

Undoubtedly,  some  degree  of  specialis  at  5.  on  of  exposition 

equipment  would  facilitate  mor6  convenient  and  fruitful  systematic 

exchanges  between  museums  of  different  countries# 

With  this  aim  in  view,  special  structure  for  trarsporatatiou 

of  exhibitions  should  be  worked  out  to  meet  the  requirements  of 

conservation  during  transportation#  Such  unified  and  mutually 

acceptible  equipment  could  bo  recommended  for  all  the  museums  sending 

their  exhibitions  to  other  countries#  * 


Special  attention  should  be  attached  to  personal  contacts 
among  museum  workers  of  different  countries#  It  is  practical  work 
in  each  other's  museums  in  the  first  place# 


The  experience  accumulated  "by  the  State  Ethnographic 
Museum  of  the  Peoples  of  She  USSR  confirmed  the  fruitfulness  of 
euch  contacts©  Per  many  years  now,  the  museum  corles  havebgoing 

V 

to  work  in  museums  of  Hungary  Poland  and  Chechoslovakia*  In  their 
Sorn*  museum  worker;  from  these  countries  come  to  the  State  Ethno¬ 
graphic  Eus  own  of  the  USSR© 

Xt  should  be  desirable  to  hold  regular  symposiums  or  even 
congresses  (every  three  or  four  years)  which  would  discuss  questions 
of  conservation  G.f  ethnographic  heritage  and  a  number  of  other 
issues  closely  connected  with  museum  conservations 

DOBIAU  AIEJBEIEYICH  B3RGEÏBV, 
Candidate  of  Histèry,.  Director, 
State  Ethnographic  Museum  of  the 
Peoples  of  the  USSR 
4/1,  Inzhenernaya  St©,  Leningrad 
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I COH  COMMITTEE  FOR  CONSERVATION  -DOCUMENTATION  GROUP 


Report  on  activities  outside  the  ÏÏ.S.S.R. 


During  the  period  since  the  last  meeting  of  the  Committee  in  Amsterdam,  work 
on  documentation  has  been  concerned  mainly  with  an  investigation  of  the 
various  systems  of  documentation  and  information  retrieval.  There  seems  little 
doubt  that  there  is  a  general  trend,  at  least  in  the  larger  museum  laboratories, 


towards  the  use  of  the  so-called  ’’feature  card”  (optical  coincidence  card) 


systems  for  indexing  information. 

Kuhn  and  Zocher  (Studies  in  Conservation  15«  1970,  102-121)  have  described 
the  use  and  advantages  of  such  a  system  in  the  scientific  study  of  paintings, 
and  Oddy  and  Barker  (Studies  in  Conservation,  4é,  1971»  89-94)  have  described 
a  similar  system  for  the  general  museum  laboratory.  The  chief  advantages  of 
feature  card  systems  lie  in  their  cheapness  and  their  flexibility  which  sets 
no  limit  to  the  number  and  choice  of  features  to  be  indexed.  Thus  they  are 
equally  sui table  for  specialist  and  more  general  applications.  Their  main 
weakness  lies  in  the  practical  limitation  set  by  the  number  of  positions  on 
the  card.  The  10000  position  card  would  seem  to  be  the  largest  that  can  be 
conveniently  used  in  practice  although  cards  with  more  positions  are  available. 
However,  for  larger  collections  of  objects,  indexes  based  on  the  electronic 
computer  are  likely  to  provide  a  more  satisfactory  solution,  and  as  the  work  of 
conservation  laboratories  grows  and  their  files  proliferate,  and  as  computers 
come  into  common  use,  it  will  become  increasingly  necessary  to  consider  the 
possibility  of  using  these  electronic  aids.  The  British  Museum  Research 
Laboratory  plans  to  develop  such  a  system  within  the  next  few  years,  and 
experience  gained  in  this  project  will  of  course  be  made  available  to  the  Group. 

Guidance  on  the  choice  of  features  to  be  included  in  a  feature  card  system 
can  be  obtained  by  reference  to  the  two  papers  quoted  above,  although  it  must 
be  emphasised  that  the  flexibility  of  the  system  allows  complete  freedom  of 
choice  without  limit  to  the  total  number  of  features  which  can  be  included  in 
the  index.  This  unlimited  freedom  of  choice  could,  in  the  absence  of  guidance 
however,  lead  to  important  features  being  overlooked,  and  it  is  suggested  that 
a  possible  future  task  of  the  Documentation  Group  could  be  to  establish  and 
secure  International  agreement  on  minimum  standards  for  the  information  content 
of  records  so  that  information  relating  to  the  scientific  examination  and 
conservation  and  safety  of  cultural  property  is  not  lost  or  rendered  inaccessible 
because  of  bad  record  keeping  and  indexing. 


I COM  Committee  for  conservation 
Madrid  1972 


Working- group  "Documentation” 


KINDS  OF  DOCUMENTATIONS  OF  CONSERVATION  APPLIED 


IN  VARIOUS  CENTERS 


Bohdan  L.  Marconi 


Conservation  laboratories  all  over  the  world  keep  descriptive, 
photographic  and  drawing  documentation  containing  the  description  of 
every  object  as  well  as  the  state  of  its  preservation,  results  of  labo¬ 
ratory  research  and  the  course  of  treatment*  The  sequence  of  the  descript¬ 
ion  and  the  arrangement  of  the  photographic  documentation  is  the  same* 
Remarkable  differences  exist  though  in  more  or  less  detailed  descriptions 
and  the  amount  of  photographs  which  should  depict,  at  least  within  a 
minimum  scope,  the  object  before  the  conservation,  in  the  course  of 
treatment  and  after  the  conservation* 

The  conservation  cards  with  the  titles  of  particular  positions  differ 
considerably*  Some  of  them  contain  a  limited  amount  of  the  summarized 
positions,  the  conservator  having  to  make  a  more  detailed  description* 

Let  me  give  an  example  of  my  own  conservation  card-envelope  introduced 
about  1933  at  the  Warsaw  National  Museum,  where  the  position  "research” 
is  divided  into:  1/  microscopic,  2/  ultraviolet,  3/  X-rays* 

Of  course  —  item  1/  concerns  both  microscopic  and  microchemical 
examination;  item  2/  -  U*V*  fluorescence  and  U*V,  reflected  from  the 
surface  of  the  treated  object*  Item  3/  relates  to  any  kind  of  research 
connected  with  the  application  of  X-rays  such  as  static,  layer-rotation, 
stereoradiography,  autoelectronography,  gammagraphy* 


(e 


At  the  time  of  introducing  the  card— index, 'no  I.R.  photography  was 


applied  -  hence  this  position  is  missing* 


-  2 


The  size  of  the  envelope  15,5  x  20  cm  permitted  to  store  in  it  many 
photographs  and  additional  descriptions.  If  the  surface  of  the  envelope  i 
in  the  position  of  "treatment"  was  too  small  to  report  the  conducted 
treatment,  it  could  be  supplemented  on  the  back  of  the  envelope  in  the 
position  of  "comments". 

As  photographs  13  x  18  cm  were  generally  used,  the  size  of  the  envelop^ 
was  sufficient. 

The  envelopes  being  too  small,  the  roentgenograms  were  attached  in 
photographic  reprints  of  13  x  18  cm  drawn  fron  9  x  12  cm  negatives  or 
24  x  36  mm  taken  from  negatoscope.  Such  reprints  were  applied  in  many  ca.sei 
in  reproductions  illustrating  articles. 

Supplementing  the  card-index  (envelopes)  numbered  successively  every 
calendar  year  (eg, 30/1938)  card  index  files  were  arranged  according  to 
authors,  schools,  numbers  of  Museum  inventory  and  corners  in  case  of  deposit 
or  paintings  sent  in  for  exhibitions.  If  a  painting  had  to  be  submitted 
for  repeated  conservation  -  as  it  often  happened  after  1945  -  it  received 
the  new  envelope  with  the  number  of  the  previous  conservation  and  on  its 
previous  envelope  the  new  number  was  given.  Card  indexes  were  also  supple^ 
mented. 

I  think  this  method  of  documentation,  a  good  one  in  principle,  proved 
successful.  This  method  has  also  been  applied  since  1945  in  the  State 
Studios  for  Conservation  of  Paintings  in  Chief  Board  of  Directors  of  Museui 
and  Protection  of  Monuments  and  since  April  1951  in  the  State  Laboratories 
for  Conservation  of  Monuments  (P.K.Z.)  which  were  formed  by  reorganization 
of  State  Studios. 

As  of  now  however,  I  consider  the  size  of  envelopes  too  small.  Their 
original  size  was  adapted  to  easel  paintings  from  Museum  collections. 
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Numerous  conservations  of  murals  sometimes  require  bigger  size  of 
photography  (18  x  24  cm)* 

Enlarging  the  size  of  envelopes  to  33  x  43  cm  would  enable  keeping 
photographic  documentation  as  well  as  roentgenograms  (usually  30  x  40  cm) 
ke£t  so  far  in  separate  envelopes  with  successive  numbers  enlisted  into 
a  special  inventory  (bbok). 

Diaries  kept  systematically  during  treatment,  containing  notes  of 
observations,  difficulties  or  showing  details  sometimes  hard  or  even 
impossible  to  detect  during  preliminary  and  laboratory  research  -  should 
be  attached  to  these  envelopes* 

After  several  years  State  Laboratories  for  Conservation  of  Monuments 
(F.K.Z.  -  Pracownia  Konserwacji  Z^abytkèw  )  discontinued  the  use  of  envelopes, 
having  changed  documentation  into  schemes  of  numerous,  detailed  positions 
—  keeping  of  course  the  sequence  of  research  and  conservation  work* 

The  reports  are  typed  on  a  paper  without  titles  of  individual  positions* 
They  are  set  in  a  form  of  arranged  coi^ndium  from  the  work  diary  taking 
into  account  the  data  of  the  methods  involved,  materials  applied,  their 
composition  and  concentration,  tests  perfoumed  and  reason  for  possible 
alterations  of  conservation  treatment  etc*  It  is  also  Jchangie  required  to  give 
the  means  of  assemblage  or  exposition  if  this  has  been  changed  after  conser¬ 
vation*  (Instruction  of  P*K*Z.)  Documentation  of  conservation  along  with  the 
results  of  scientific  laboratory  research  as  well  as  research  from  historical 
point  of  view  and  photographs  is  stiff-cover  bound  to  make  a  volume  of  no 
more  than  60  photographs  stuck  on  aardboard* 

In  1970  P.K.Z*  worked  out  a  detailed  instruction  for  the  Laboratories 
of  Conservation  of  Works  of  Art*  It  contains  schemes  and  instruction  (66 
pages)  how  to  prepare  reports  suitable  for  any  kind  of  objects:  murals. 
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easel  paintings,  polychrom  sculpture,  sculpture,  graphic  arts  and  old 
books,  textiles,  metal  objects,  stained  glass  and  old  furniture* 

The  instruction  gives  in  detail  almost  all  expectable  positions  con¬ 
cerning  scientific  and  technical  research  and  conservation  treatment. 

A  great  part  of  the  objects  does  not  require  so  many  research  and 

execution  methods. 

Only  methods  applied  are  described  here.  In  such  cases,  should  a 
scheme  containing  many  position  be  not  completed  -  the  often  many  positions 

without  comment  would  still  be  satisfactory* 

In  the  instruction  66  pages  deal  only  with  documentation  of  conser¬ 
vation,  the  remaining  103  pages  contain  patterns,  instructions  and  schemes 
o<ff  administrative  type  resulting  from  the  organization  of  P£*Z.  which  is 
a  state— owned  establishment* 

Before  1939  some  articles  appeared  on  the  subject  od  schemes  used  in  2 
documentation  of  conservation. 

At  the  annual  meeting  of  the  American  Association  of  Museums  at 
Toronto  in  1939  in  1939,  discussed  was  a  plan  of  a  scheme-card  with  the 
titles  of  individual  positions  (four  pages  folded,  photographs  idside^  — 
prepared  by  a  specially  called  Committee  dealing  exclusively  with  the  pro-  j 
blem  of  description  of  paintings,  structure  and  state  of  their  preservatioi 
George  L.  Stout  in  his  article  dealing  with  this  problem  considered 
difficulties  of  filling  in  the  prepared  form  as  well  as  shorter  of  larger 

form. 

2/  _  (/ 

In  1939  G.  L.  Stout  reverts  to  the  subject  suggesting  a  redued  formj 

of  simplified  card,  saying  that  in  usual  practice  we  often  come  across 

paintings  which  do  not  present  complex  problems  but  often  require  minor 

treatment.  In  such  cases  the  simplified  card  is  more  convenient. 


In  I94I  an  article  by  Helmut  Ruhemann  appeared  "A  Tentative  Scheme 
for  Analysis  of  Painting  Technique"  containing  technological  research  as 
well  as  short  discussion  cafi  the  course  of  conservation. 

This  scheme  could  be  applied  in  the  case  of  paintings  with  specially 
interesting  and  complex  structures .  The  examination  of  this  structure  would 
introduce  valuable  data  to  the  history  of  painting  techniques.  It  seems 
to  me  that  in  regular  conservation  work  in  museums  —  paintings  of  such  type, 
a  very  complex  structure  and  exceptional  kinds  of  damages  seldom  get  to 
conservation  studios* 

v 

%  ppinion  is  confirmed  by  George  L.  Stout  who  emphasizes  that  most 
paintings  which  get  to  the  studios  require  comparatively  small  corrections 
such  as  scratching  of  varnish,  surface  cleaning,  securing  paint  and 
ground  flaking  on  a  little  piece  of  surface  and  filling  and  inpainting  minor 
impairments.  He  states  that  for  this  kind  of  treatment  (naturally  preceded 
in  every  c-ase  by  laboratory  research—  n$r  note)such  complex  schemes  are 
inadequate. 

H.  Ruhemann  suggests  later  research  and  execution  documentation 

5/ 

remarkably  simplified  . 

The  big  size  envelopes  containing  roentgenograms  are  used  in  Tate  & 
Gallery  in  London  in  Conservation  Laboratory  directed  by  Prof.  Stefan 
Slabczynski.  In  Kunstmuseum,  Dusseldorf,  Dr.  H.  Althöfe r  applies  cards 
"Restajirierprotokoll"  of  29>5  x  42  cm  with  the  titles  of  very  few  positions. 

Nowadays  the  tendency  to  simplify  the  prints  of  documentation  of 
conservation  is  being  observed.  The  obvious  sign  of  this  tendency  is  the 
gui  define  given  to  the  International  Committee  for  Conservation  ICCM  issued 
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during  the  General  Meeting  of  this  Committee  in  Amsterdam  in  1969  for 
preparing  the  simplified  scheme  by  a  special  working  group  of  which  I  -®r 
am  a  member,  with  the  coordinators:  H,  Barker  of  Research  Laboratory, 
British  Museum  and  U.  I«  Grenberg  of  Central  Lahflrarfcx  Laboratory  for 
Conservation  and  Restoration  of  Mus(m  Treasures  in  Moscow, 

The  program  of  the  working  group  contains:  1/  working  out  the 

¡¡g 

typical  documentation,  2/  working  out  and  suggesting  to  use  simplified 
methods,  economically  possible  to  introduce  both  in  small  and  in  bigger 
museums  and  galleries,  3/  examining  and  advising  methods  enabling  to 
introduce  such  cards  into  national  and  international  systems. 

We  do  not  have  to  justify  the  necessity  of  keeping  exact  research 
documentation  as  well  as  documentation  of  conservation.  Apart  from 
the  data  concerning  technical  structure  of  the  work,  state  of  its  pres  er— 
vation,  establishment  of  the  previous  ’'renewals",  their  kind  and  technique 
of  their  making,  authenticity,  history  based  upon  inscriptions  and  num» 
bers,  it  is  possible  to  get  valuable  information  about  painting  technique 
for  the  history  of  conservation  and  history  of  the  work. 

Such  documentation  may  help  the  historian  of  art  in  his  attribution 
work  and  dating,  while  the  obligatory  photography  taken  after  technical- 
conservation  treatment  but  prior  to  inpainting  gives  the  real  picture  of 
the  actual  state  that  the  painting  preserved  to  our  times. 

The  important  problem  is  the  possibility  to  compare  the  state  of  a 
work  of  art  many  years  after  performed  conservation  —  with  the  documen— 
tation.  If  the  documentation  is  kept  accurately,  scrupulously  and  contair 
not  only  description  of  the  performed  treatment  but  also  enumerates  all 
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materials  involved  and  the  means  of  applying  those  materials,  such 
control  gives  valuable  critical  hints  confirming  the  proper  course 
of  conservation  of  inducing  to  change  the  means  and  methods  used* 

%  own  private  notes  of  conservation  kept  since  1933  >  unfortunately 
only  partly  preserved,  are  priceless  material  for  me.  Detailed  descriptions 
of  each  painting,  state  of  its  preservation,  previous  restoration,  results 
of  research,  as  well  as  the  course  of  treatment  with  detailed  materials 
and  methods  involed  -  permitted  to  confront  the  state  of  preservation 
after  several  years  with  documentation  and  photographs* 

As  I  have  mentioned  before,  the  notes  which  were  partly  preserved, 
partly  destroyed  by  fire  in  1944  permitted  to  supplement  the  publication 
by  Prof*  dr,  W^adys/aw  Bomkiewicz  "The  Catalogue  of  Paintings  removed  from 
Poland  by  Hitler  Authorities  in  the  years  1939  -  1945%  Vol.  I  1949,  Foreign 
Paintings,  with  34  positions  and  Vol.  II  "Polish  Painting"  1951  with  26 
positions.  Those  60  positions  are  a  small  part  of  the  works  I  have  treated. 
Unfortunately  those  works  where  the  photographic  documentation  was  lost 
-  were  eliminated  from  publication* 

I  cannot  disregard  the  advantage  of  the  accurate  detailed  documentation 
for  the  executor  —  restorer. 

It  is  sometimes  claimed  that  in  the  course  of  conservation  a  painting 
is  overcleaned.  As  we  know,  well  preserved  paintings  occur  very  seldom. 

Most  of  old— ÿime  paintings  were  submitted  to  cleaning  using  drastic  methods 
and  intensive  solvents  already  in  XVIII  and  XIX  centuries.  Such  overcleanings 
were  often  masked  with  colored  varnish  and  repainting.  The  removal  of  this 
kind  of  varnish  exposed  the  bad  state  of  preservation  of  the  original  sur¬ 
face  of  the  painting.  Even  now  a  little  group  of  opponents  against  removal 
of  deform' no  varnishes  —  surnoses  that  "Madonna  on  the  Rocks"  by  Leonardo 
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da  Vinci  in  London  National  Gallery  was  over  cleaned  during  the  removal 
of*  yellowed  varnish  in  194-Ö.  Documentation  of  Conservation  permits  to 
establish  that  this  serious  charge  is  unjust. 

I  know  from  ray  own  experience  that  the  honor  of  a  conservator  can 
be  defended  only  by  means  of  exact  descriptive  and  mainly  photographic 
documentation. 

The  problems  considered  above  concerning  documentation  -  deal  with 
works  of  art  —  paintings.  Such  works  create  most  complex  problems  on 
account  of  the  complexity  of  structure  (support,  ground,  layer  or  layers 
of  paint,  gildings  and  varnish.) 

For  ancient  metal,  archeological,  paper  or  parchment  objects,  as  wel 
as  etnographical  objects,  cards  or  envelopes  with  different  printed  posit; 
for  each  kind  of  object  should  be  prepared* 

Ending,  I  wish  to  state  that  the  value  of  documentation  of  conservât 
is  not  dependent  upon  full  or  simple  scheme,  the  amount  of  positions  prin 

ted  for  the  conservator  to  complete. 

The  sequence  of  positions  is  determined  by  the  very  procedure  of 
conservation:  description,  materials,  sizes,  origin,  state  of  preser¬ 
vation,  structure,  changes,  corrections,  laboratory  research,  treatment, 

comments  and  instructions  for  preservation. 

The  value  of  documentation  depends  upon  the  exactness  and  detailed 
description  of  both  preliminary  and  laboratory  research  and  on  strict 
but  concise  description  of  the  course  of  treatment  and  proper  amount 
and  quality  of  photographs. 


IM 
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The  Portada  of  Ripoll;  Latest  perfomances  within  the 
Programm  for  its  Conservation«  (  1  ) 

The  treatment  studied  and  proposed  for  the  preservation 
of  the  facade  of  Ripoll  was  published  in  the  Bulletin 
N°  5  of  the  "Informes  y  Trabajos  del  Instituto  de  Con¬ 
servación  y  Restauración, Madrid  (2). Seven  points  were 
considered  essential, which  were  specified  with  the  help 
of  a  scheme  and  the  first, and  most  urging, among  them  was 
applied  on  november  1964, consisting  in  the  fixation, clea¬ 
ning  and  consolidation  of  the  carved  surface , which  was 
in  an  advanced  stage  of  arenization  (3)  »Hie  remaining 
six  factors  to  be  corrected, as  previewed  in  the  above 
mentioned  integral  programm(see  fig«  2), have  been  per¬ 
formed  along  the  period  of  time  comprised  between  July 
1971  and  May  1972; the  itemization  thereof  being  the  sub¬ 
ject  of  this  communication. 


(1)  Under  the  Patronage  of  the  "Juan  March"  Foundation. 

(2)  This  paper  has  also  been  published  in  "Conseil  In¬ 
ternational  des  Monuments  et  des  Sites  (  ICOMOS  )  ",M01fUMEN- 
TUM,volI( 1967)  p.  73;in  the  Simposio  sobre  la  altera¬ 
ción  de  los  materiales  pétreos  en  los  Monumentos"  ICCR  - 
CSIC,Madrid(  1965)  and  in' '"Conferences  on  the  weathering 
of  stones, Colloques  sur. . #"Brussels( 1966-1967)  p.  127. 

(3)  The  sandstone  was  impregnated  with  a'  solution  of  a 
polymetacrylic  ester(Bedacrvl  122  X,by  I „C «I „ , London) 
nightly  diluted  with  xilene( approximately  5%)jWhich  e- 
nabled  to  sufficiently  fix  the  stone  surface  as  well  as 
to  clean  out  of  it  all  salts  and  soil  accumulated  the¬ 
rein  without  affecting  the  underlaying  stone  material 
very  much  disgregated  in  a  depth  of  some  2  cmts.;after— 
wards  the  same  solution  was  applied  several  times(ma- 
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Por  a  better  understanding  of  the  exposition, we 
will  base  ourselves  upon  the  numerical  order  established 
in  fig. 2  attached. We  are  shortening  the  verbal  process 
to  the  strictly  necessary  minimun  for  the  correct  under¬ 
standing  of  the  attached  graphic  documents. . 

1st.-  Elimination  of  the  dust  layer  piled  up  du¬ 
ring  the  last  seven  years; we  have  use  a  powerful  elec¬ 
tric  vacuum  machine, with  the  help  of  the  mechanical  ac¬ 
tion  offered  by  smooth  hair  brushes. 

2nd.-  Filtration  from  the  facade’s  roof  were  lea- 

ling  upon  the  facade's  back  wall  strengthening. We  hav  e 

raised  off  the  rooftiles  in  order  to  cover  the  wooden 

frame  with  glass  fiber  and  polyester  resin, placing  again 

the  roof-tiles  to  assure  an  efficient  protection  for 

the  resin  (see  figure), 

/ 

3rd.-  The  canting  show  by  the  facade  in  the  right 
upper  end, separated  from  the  wall  some  15  cmts.  and  re¬ 
united  with  fast  setting  concrete , plus  the  fact  that 
all  the  upper  part  of  the  facade  has  40  cmts.  of  debris 
filling  material  accumulated  upon  the  back  wall,origi- 


king  the  solvent  evaporation  speed  as  low  as  possible, 
creating  to  this  end  a  xylene  steam  saturated  atmosfere, 
isolated  from  the  outside  with  a  huge  polyetilene  bag) 
until  we  obtained , with  the  adecuated  penetration, a  hard¬ 
ness  degree-  enough  to  assure  the  material  stability  of 
the  reliefs. 


nally  built,  with  rolling  stones , requires  holding  the  Fa¬ 
cade,  making  it  stronger  by  attaching  it  with  metalic 
staples  to  the  temple’s  wall.  We  have  used  galvanized 
iron  staples  , placed  as  shown  in  figure  .As  soon  as 
the  structural  stability  was  assured, we  have  eliminated 
the  debris  filling, uncovering  the  rolling  stones  of  the 
original  back  wall, that  have  a  great  porosity  and  assure 
a  good  ventilation  of  the  Facade  extrados. We  have  also 
eliminated  the  Gypsum  with  which  some  of  the  soffits, 
close  to  the  Pantocrator  had  been  fixed. When  the  debris 
was  taken  off, the  Lombard  arcuations  with  morter  plaster, 
made  with  lime  and  smoothed  with  trowel  and  remainder 
of  mural  painting  were  alighted  (see  Fig.  ). 

4th.-  Eliminate  the  Temple  wall  to  which  the  Facade 
leaned.  This  involved  structural  problems  difficult  to 
solve .According  with  the  Monastery’s  Arquitect  Curator 
Mr.  Alejandro  Ferrant, it  was  deemed  convenient  to  make 
some  trial-pits  in  the  Church  wall, in  order  to  be  able 
and  study  the  Facde  back  wall  (see  fig.  ).Upon  the  si¬ 
de  wall  of  trial-pits  A  and  B  it  may  be  noted  that  the 
Church  wall  is  made  with  the  country’s  quarry  stone  su¬ 
rrounded  by  good  quality  lime  mortar; the  Facade  extra¬ 
dos  ,  exploring  at  the  level  of  plant  and  choir, is  made 
with  river  rollig  stones, large  sized  and  attached  with 
scarce  mortar  low  of  lime. Behind  the  Facade, the  Church 
wall  shows  a  parament  with  traces  of  plaster  made  with 
lime  mortar  and  smoothed  out  with  trowel, which  is  more 
abundant  in  the  upper  areas. The  Facde  of  sandstone, is 
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composed  of  soffits  with  some  25  cm.  of  thickness  and 
of  imposts  penetrating  up  to  60  cm.  of  depth  .No  traces 
of  any  attaching  mortar  have  been  found,  but  on  the  outer 
side  attachment  is  made  at  times  with  fast  setting  concre¬ 
te  (4). In  the  extrados, the  sandstone  shows  frecuent  ex¬ 
foliations  and  a  slight  arenization  in  it  surface. 

The  complex  is  practically  dry. 

Therefore , the  ventilation  of  the  Facade  extrados 
has  been  restored , assured  by  the  enormous  porosity  of 
the  extrados  with  large  size  rolling  stones; on  the  o- 
ther  hand, the  A  and  B  exploration  trial-pits  have  been 
converted  into  ventilation  funnels  (5)  ,  closing  the 
openings  in  the  inner  parame nt  of  the  Church  wall  with 
a  wall  thickness  samaller  than  the  original  one, and  pla¬ 
cing  metallic  racks  in  the  conduit  upper  and  lower  end; 
the  lower  rack, placed  inside  the  Temple, has  been  fit 
with  an  adjustable  lid, allowing  to  regulate  the  air  flow. 


(4)  All  repairs  made  with  ready  setting  concrete  we  found 
in  the  Facade  and  around  it, seem  to  belong  to  the  resto¬ 
ration  made  in  the  Monastery  by  the  Architect  Elias  Ro- 
gent(1886  -  1893  Hold  photographs ,  such  as  that  in  Fig  , 
show  that  around  1890  the  Facade  did  not  have  the  ele¬ 
ments  it  now  has  (see  underline  in  Fig.  ). 


(5)  The  forced  ventilation  of  the  funnels  made, since 
acting  in  a  diffuse  way  through  the  thickness  of  the 
back  wall, larger  than  0,6  m. , cannot  produce  localized 
effects  upon  the  Facade. 


5 


5th«-  In  order  to  study  the  eventual  supply  of  mois¬ 
ture  and  salts  from  the  floor, we  have  previe wee,  to  check 
the  Facade  basement  and, if  necessary , to  isolate  it  from 
the  basement  by  cutting  it  and  inserting  a  continuous 
waterproof  film. A  trench  was  excavated  all  along  uhe 
basement , according  with  what  is  show  in  the  plan  of  Fi¬ 
gure.  The  Facade  support  is  made  with  sandstone  blocks 
similar  to  those  of  the  Facade, some  of  which  are  mate¬ 


rials  from  other  sonstructions  (6). 

The  Facade  is  practically  isolated  from  the  ba-se- 
ment  by  the  sandstone  plinth  with  ready  setting  concre¬ 
te,  identical  to  the  present  door-sill, which  we  know  was 
placed  around  1890« On  the  other  hand, the  moisture  con¬ 
tents  in  the  basement  sandstone  is  very  low  and  we  feel, 
therefore, it  does  not  justify  the  pretended  need  to  cut 
the  Facade  and  isolated  it .What  we  have  done  is  to  empty 
the  trench  made , covering  it  with  the  slaos  pavement  su¬ 
pported  by  pillars  in  order  that  it  may  ac  u  as  a  venti¬ 
lation  duct  though  one  of  the  exits  with  metallic  rack, 
situated  some  25  cm.  above  the  outer  pa rament  of  the 


Church  wall, on  the  left  hand  and  rigth  hand  sides  of 


the  Facade. 

The  excavation  around  the  basement  has  alighted  no 
type  of  loose  archeological  materials , but  has  enabled 
us  to  observe  the  following  data°First  of  all, the  taca— 
de  surmounts  the  slabs  in  a  threshold , prior  to  ohat, the¬ 
refore  , having  the  marks  corresponding  tc  the  attachment 


and  closing  system  for  a  door  that  did  not  exist  anymo¬ 
re  when  the  Facade  was  placed, since  the  door’s  swivel 
axles  are  very  inside  of  the  Facade  comise 5  under  this 
old  threshold , the  Temple  wall  follows  on  with  a  regular 
parament  (see  section  b  -  b’  )  down  to  an  explored  depth 
of  1,5  mts.  in  which  it  is  noted  a  protuberation  in  the 
wall  and, on  the  floor,  a  lime  and  sand  mortar  layer 
(see  section  d  -  d*  -.Both  on  the  Facade  rigth  and  left 
hand  sides, we  have  ascertained  the  existence  of  some- 
wells ( 7) , 1,7  m,  and  3?8  m*  deep, respectively , in  which 
it  is  noted  that  the  wall  parament  is  of  perfectly  plum¬ 
bed  quarry  stone  that  cannot  be  considered  as  basement(8). 


(6)  The  basement  stones , quoted  at  54  and  21  em„ underneath 
the  floor  level (see  location  on  plan  y=  6,x=8  .  y=6 , 
x=15)  are  two  half  columns  of  the  same  size. 


(7)  These  wells  may  be  considered  as  ossariums , since 
there  are  several  boxes  with  a  large  amount  of  human 
bones; they  are  covered  with  a  small  vault  of  hollow 
bricks, which  assures  us  that  they  have  been  covered  af¬ 
ter  1938, since  prior  tc  this  material  did  not  exist  in 
Spain. 


(8)  These  two  areas  are  under  the  Monastery  towers; al¬ 
though  it  does  not  seen  that  they  have  been  constructed 
as  basement , they  may  have  been  used,fillig  them  up, to 
this  purpose, in  view  of  the  higher  pressure  it  has  to 
stand  under  the  towers. 


-  7  - 


Oth*  —  Leaning  on  the  portico  arcade  a  gla^s  pro¬ 
tection  has  been  installed  to  assure  an  efficient  shel¬ 
tering  of  the  Facade  against  the  severe  climatic  con¬ 
dition  in  Winter* The  project, made  by  the  Architect  Mr* 
Alejandro  Ferrant, has  been  performed  by  the  Barcelona 
constructor  Calixto  Cruz  under  the  supervision  of  the 
works  Manager  Mr*  José  Maria  Valero  Yago*We  are  atta¬ 
ching  the  general  layout  (Figure  ),and  will  underline 
the  assembly  system, with  pillar  axis  in  the  Portico 
inner  part , addressing  the  mechanical  effort  towards 
the  parament  and  not  upon  the  pillars» 'The  climatic  con¬ 
ditioning  of  the  so  closed  Portico  firms, under  the  Pa¬ 
tronage  of  the  " Junta  de  Obras  del  Monasterio” , the  pro¬ 
ject  having  been  approved  by  the  Architect. 

7th.-  The  channel  feeding  the  factory  lying  by  the 
Monastery  has  been  suppresed  after  demolishing  the  fac¬ 
tory,  all  of  which  lies  within  a  larger  programms  out 
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The  preservation  of  archaeological  water-logged  and 

carved  charred  wood  in  the  State  Hermitage  Museum 


A  Water-logged  archaeological  wood 

From  1954  to  1971  a  large  number  of  wooden  objects  of 
X-XV  centuries  passed  through  the  hands  of  the  Hermitage  con¬ 
servators-  finds  excavated  in  Pskov,  Staraya  Ladoga,  Toropetz 
and  Novgorod  as  well  as  wooden  objects  from  a  neolithic  stand 
discovered  in  the  village  Usvyaty  of  Nevel  district  Pskov  re¬ 
gion*  Both  the  medieval  wooden  objects,  which  survived  in  the 
conditions  of  the  heightened  stagnant  moisture  of  swampy  and 
clay  soils  of  these  areas  characterized  by  moderate  climate, 
and  the  neolithic  articles  found  in  lake  deposits,  preserved  j 
their  appearance  rather  well,  despite  considerable  changes 
in  their  chemical  composition  and  the  structure  of  the  wood 
As  a  rule,  maximum  moisture  absorption  and  shrinkage  of  ar¬ 
chaeological  wood  exceed,  to  a  rather  great  extent,  the  li¬ 
mit  figures  of  3ound  wood  ^1 which  in  itself  is  indicative 
of  its  degradation  We  distinguish  archaeological  wood  in 
a  middle  state  of  preservation  with  water  content  of  under 
70<£  (  from  the  total  weight  of  the  wet  wood  '  and  wood  in  a 
poor  state  of  preservation  with  the  water  content  of  over 
703L  Normally,  the  leaf-bearing  types  are  worse  preserved 
with  water  content  greater  than  in  th© -coniferous  one^>- 
In  our  work,  the  greatest  content  of  water  (  93**) 

. turned  out  to  be  in  the  aspen  stake  from  the  neolithic 
stand  in  Usvyaty-  Its  wood  was  very  soft,  the  vra^er  could 


sponge  After  drying 


be  squeezed  out  of  it  like  it  were  a 
at  room  atmosphere  the  diameter  of  the  stake 

coming  three  times  as  small  The  conservation 
ologicsl  finds  with  the  aim  to  preserve  their 
surface  detallas  is  a  rather  complicated  task 
lows  is  given  the  description  of  methods  used 


contracted  ho¬ 
of  such  arehae 
form,  size  and 
In  what  f cl¬ 
in  the  State 


Hermitage  Museum 

a  Drying  under  room  conditions  and  slow  drying 


In  the  years  a  number  of  objects  excavated  in  Pskov 

and  Staraya  Ladoga,  wore  dried  at  room  atmosphere  The  water 
content  of  the  wood  did  not  exceed  70% .  The  examination  un¬ 
dertaken  in  107^1  showed  that  objects  made  of  whole  logs 
(  sticks,  treenails,  stakes,  etc  and  plane  objects  cut 

out  of  the  middle  part  of  the  trunk  (  boards,  bottoms,  spades 
had  a  well  preserved  shape  Objects  having  a  curved  surface 
(  bowls,  bailers, spoons,  balls  )  became  cracked  and  deformed 
Boxtree  and  juniper  were  preserved  best  of  all,  somewhat 
worse  being  the  case  with  pine-wood.  A  kind  of  contraction 
with  some  annual  rings  coming  apart  and  the  formation  of  ra¬ 
dial  cracks,  sometimes  very  deep  ones,  were  marked  on  some 
birch  and  fir-ftood  finds  As  to  oak-wood  objects,  some  were 
well  preserved,  others  became  warped  and  cracked  In  many  ca¬ 
ses  the  surface  of  the  dried  articles  had  small  transversal 
cracks  and  flaked  off 

Only  little  success  was  achieved  in  trying  to  prevent  de¬ 
formation  and  cracking  when  drying  was  slowed  down  with  the 
help  of  polyvinylbutyral  film  bags  or  covering  the  object 


V  J 


with  poly viny Ibutyral  alcohol  solution  which  forms  a  eoagJ 


la  ted  film  on  the  surface  of  the  vrot  object 


To  preserve  the  unearthed  'wood  wet  we  recommend  to  wrap  upj 
the  object  in  a,  piece  of  gauze  moistened  in  5%  Qf  the  anti sc p 
tic  -  sodium  pentachlorphenate  water  solution  and  place  it 
into  a  well-sealed  polyethylene  bag 

b  Substitution  of  water  for  glycerol  with  polyvinyl  aleoh] 


To  stabilise  water-logged  archaeological  wood  the  head  re-  j 
storer  of  the  State  Hermitage  E  A  Rumyantsev  suggested  in 
the  method  of  partial  substitution  of  water  for  glycerol  /2/J 
The  objects  were  immersed  into  20-40%  glycerol  solution  con—  j 
taining  2%  of  polyvinyl  alcohol- The  solution  was  regularly 
heated  up  to  60~7Q°C  during  8-0  hours  a  day  The  impregnation 
continued  until  the  weight  of  the  object  became  constant,  wit 
drying  in  polyvinylbutyral  film  bags  following  Such  treatise! 
results  in  the  substitution  of  about  30%  of  water  in  the  wooc 
for  glycerol  This  proves  to  be  sufficient  to  prevent  warping 
and  cracking  of  the  wood  with  water  content  under  70%  T  For 
badly  affected  wood  of  leaf-bearing  types  with  water  content 
of  85-90%  this  kind  of  treatment,  however,  is  little  effieien 
In  such  cases  the  glycerol  concentration  should  be  increased 
up  to  70%,  but  the  object  becomes  dark,  greasy  to  the  touch 
and  moist  at  increased  humidity-  The  polyvinyl  alcohol  slows 
down  the  evaporation  of  water  from  the  object  and  somewhat 
consolidates  the  wood.  We  showed  that  optimal  results  can  bo 
obtained  when  using  50%  of  glycerol  solution  with  6%  of  poly¬ 
vinyl  alcohol 


A~ 


57  fines  from  P s 
e  v f  s  me t h o ci  w e r e  e 


ko y  treated  in  1966  according 
xaminoci.  in  1971  It  turned  out 


to  H  muy 

J.  "u  ,  i- 

L-  il  Ci-  t  >  * 
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Jects  made  of  coniferous  and  leaf-bearing  types  /  including 
fir-wood  and  birch  /  and  kept  during  1*5  years  under  normal  mu¬ 
seum  conditions  have  good  appearance  without  cracks  and  warp¬ 
ing  Among  them  sticks,  boards,  bottoms,  treenails,  cxiurn-st&f 
beetles,  bowls  and  balls*  12  objects  are  marked  with  small  Ion 
gitudinal  cracks*  8  largest  ones  cracked  and  became  deformed* 
insufficient  introduction  of  the  solution  evidently  account¬ 
ing  for  it  in  4  cases 

Thus,  the  treatment  according  to  Rumyantsev’s  method  sta¬ 
bilizes  wet  archaeological  wood  in  the  middle  state  of  pre¬ 
servation  for  many  years,  though  it  does  not  provide  the  ob¬ 
ject  with  the  desired  consolidation  and  satisfactory  appear- 

^ofgljccrol^ 

anee-  High  hygroseopieityTis  the  main  drawback  of  this  method 

c  Oil-rosin  treatment  (  Polish  method  Î 

Since  1959,  after  some  experimental  tests,  a  method  borrowed 

from  the  polish  restores  has  been  applied  in  the  Hermitage  /34 

According  to  it,  wet  archaeological  wood  is  soaked  with  a  so¬ 
il 

lution,  heated  to  60-70  C,  of  75  weight  parts  of  turpentine, 

25  —  of  linseed— oil,  5  -  of  rosin  and  5  parts  of  30#  alcohol 
solution  of  the  antiseptic  ~c  árbol  ineuar  (  In  our  work  carboli- 
neum  is  substituted  for  phenol  K  The  *a&Jor  part  of  the  ob¬ 
ject  is  brushed  with  the  mixture  or  kept  immersed  in  it  until 
saturation  is  reached  The  process  has  been  found  to  be  acce¬ 


lerated  if  the  s 
cold  solutions 
the  surface  'with 


oaking  is  carried  on  alternately  with  hot  and 
The  surplus  of  the  solution  is  removed  from 
mononetbyl  cellosolve-  Buch  a  treatment  re- 


suits  in  polymerized  linseed— oil  / 1 inox in/  and  rosin  reEicc-ni^ 
ing  in  the  wood-  According  to  the  data  obtained  in  our  stu¬ 
dio,  the  dry  residue  amounts  to  60-70-%  of  the  mass  of  the  ob¬ 
ject  treated  The  treatment  lasts  7  —10  days,  for  large  ar ti¬ 
des  it  takes  more  time*  In  the  course  of  drying  of  large 
objects  in  birch,  fir-  and  oak-wood  there  sometimes  arise  lon¬ 
gitudinal  cracks*  In  other  cases  cracking  and  deformation  have 

not  been  observed*  The  wood  becomes  more  solid,  its  surface 
appearance  light  and  natural-  Our  experience  proved  the  effi¬ 
ciency  of  this  method  for  wood  in  the  middle  state  of  preserv 
ation  with  water  content  under  Tlae  recent  examination  oi 

more  than  1*0  objects  treated 'according  to  this  method  in 
.±9  59  «*69  showed  that  at  present  by  far  the  greatest  part  of 
them  is  in  good  condition* 

d-\  bolymerizaticn' Butyl  methacrylate  insiae  the  wood 
This  method  of  wet  archaeological  wood  conservation  was 
worked  out  by  the  head  of  the  State  Hermitage  chemical  labora¬ 
tory  I-L-Nogid  in  1964-66  MA  The  water  in  the  wood  is  sub¬ 
stituted  for  acetone  in  succession  with  butyl  methacrylate 


monomer,  containing  0,3~»i55  of  the  initiator  (  benzoil  pero¬ 
xide  A  The  polymerization  is  carried  on  at  90-95  C  during 


6-8  hours,  in  a  closed  vessel  with  its  volume  2-4  times  ex¬ 
ceeding  that  of  the  object**  Part  of  the  monomer  introduced 
evaporates*  The  lowmoleeui ar  polybutyl  methacrylate  formed 
inside  the  wood  maxes  up  60-70%  of  the  mass  of  the  object 
treated-  The  polymei*  solidifies  the  wood;  its  colour,  uex uu-ej 
and  surface  detail es  are  well  preserved-  If  the  surface  is 


not  sufficiently  saturated  with  resin,  it  is  additionally 
fixed  with  the  xylene  solution  of  polybutyl  methacrylate 

This  method  was  applied  in  the  treatment  of  neolithic  wood¬ 
en  objects  from  Usvyuty,  finds  from  Maly  Toropetz  site  /XII 
century/  and  from  Novgorod  /XÏÏ  century/  ~  altogether  about 
ion  objects  of  different  shapes  and  purposes  (  beetles,  spoons, 
arrows,  bowls,  balls, etc.  ) *  The  water  content  in  these  ob¬ 
jects  amounted  to  60-903.  The  main  types  of  wood  are  oak, 
maple,  birch,  pine,  fir  The  results  of  the  treatment  and  re¬ 
cent  examination  of  the  objects  which  underwent  conservation 
in  1965-66  lead  to  the  conclusion  that  this  method  is  particu¬ 
larly  good  for  the  preservation  of  objects  in  oak-  In  the  pro¬ 
cess  of  treatment  it  was  only  in  3  out  of  60  neolithic  finds 
(  beetles  and  others  )  that  longitudinal  cracks  were  formed. 
Shrinkage  does  not  exceed  the  normal  one;  after  treatment  frag 
ments  of  one  object  joint  well  During  5-6  years  after  the 
treatment  nearly  all  objects  remained  without  any  changes,  the 

formation  of  a  fresh  longitudinal  crack  being  observed  only  in 
< 

one  beetle  Less  satisfactory  are  the  results  of  the  treatment 
of  other  leaf-bearing  and  coniferous  types  of  wood  The  object 
shrink  more,  sometimes  they  warp  and  crack  In  some  neolithic 
pine-wood  objects  the  annual  rings  became  separated  Thin  ob¬ 
jects  in  maple  (  e  g  the  oar  blade  ^  undergo  a  substantial 
shrinkage  and  warping  This  high  temperature  treatment  is  not 
to  be  recommended  at  all  for  thin  articles  whose  surface  is 
large  in  comparison  with  their  volume 

e  Impregnation  with  polyethylene  glycols 

Since  1 the  method  of  preservation  and  stabilizing  am- 


chaeologieal  wood  with  synthetic  we, ter  soluble  waxes  -  poly¬ 


ethylene  glycols  has  been  investigated  and  f or  some  years  wi¬ 


dely  applied  in  the  Hermitage  /5 ,6/-  We  use  polyethylene  gly¬ 
col  with  the  molecular  weight  1.500  and  melting  point  42-46  q. 
The  objects  are  immersed  into  a  bath  with  5-1 0£  polyethylene 
glycol  solution-  The  bath  is  heated  at  regular  intervals  with 

infra-red  lamps  during  7-8  hours  a  day-  The  temperature  is  gr^ 

0 

dually  increased  from  35  to  70  C.  The  solution  is  added  from 
time  to  time  so  that  the  level  of  the  solution  in  the  bath 
should  remain  constant’  The  treatment  is  complete  when  the  po" 
Xyethylene  glycol  remaining  in  the  bath  contains  about  5£  wa—J 
ter  The  treatment  cf  small  objects  continues  for  3-4  months, I 
the  larger  ones  need  more  time-.  At  the  beginning  the  drying  i| 
slowed  down  As  the  result  of  such  treatment,  85-10035  of  the 


wood  pores  are  filled  with  polyethylene  glycol  which  stabilii 


zes  the  size  and  shape  of  the  archaeological  wood  and  makes  ii 
strong  and  durable  enough  to  be  preserved  under  museum  condi- I 
tions 

A  formula  has  been  suggested  by  the  authors  to  estimate  th^ 


degree  of  the  substitution  of  water  in  the  wood  for  pclyethy-l 


lene  glycol  (  the  degree  of  pore  filling  ^  in  the  case  when  ij 
is  impossible  to  determine  the  water  content  in  the  wood  by 


drying  the  sample  of  the  wood  The  substitution  degree 

■  v 

K  100*2,  V  being  the  water  volume  in  the  wet  object,  v 


the  polyethylene  glycol  volui 


W 


mass  after  the  impregnation 
tion  of  the  remaining  water 


r¿9.  -  m^ 

N  - * - « — 7 - - — .IQO^ 

m»|  +  d^mo_32cr» 

10  <r¡  .< 


lene  glycol  (à.)  are  known-  The  water  density  is  taken  to  be 

equal  ^  •  indeed,  if  in  is*  the  mass  of  the  air— dry  vrood  in  the 
object,  it  follows  that? 

ni^  b  m  +  V 

mp  “  in  +  V  —  v  +  d*v  «  m  V  *  Td-i  )y 
~  m  +  d .  v 

whence 

The  values  of  N  obtained  by  this  formula  are  close  to  those 
calculated  by  the  formula  applied  in  cases  when  the  percentage 
wafer  content  in  the  wood  f  w  «  iqq%  )  wag  estimat¬ 

ed  by  drying  the  sample  of  the  wood9 

w  6  m-i  .  d  -  *  UÜ 

•*xth  polyethylene  glycol  ’bboO  wero  treated  a  maple  ore  with  a 

carved  handle  and  the  handle  In  the  shape  of  a  bear’s  head 
from  an  alder  bailer  (  neolit,  Usvy&ty  as  well  as  a  Nov¬ 
gorod  psaltery  XII  century  in  juniper-wood  with  thin  artistic 
carving,  and  other  objects  Their  shape  and  all  6i} {&/>  surface 
do tailits  are  well  preserved  We  think,  that  polyethylene  gly¬ 
col  treatment  can  be  successfully  applied  to  the  archaeologi¬ 
cal  wood  in  any  state  of  preservation  and  shape 

At  present  we  give  preference  to  the  polyethvleneglyccl 
treatment  as  the?  most  universal  and  reliable  technique,  though 
the  treatment  takes  a  long  time  We  use  the  polish  method  for 
the  conservation  of  domestic  articles  in  a  rather  good  state 
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lately 5  some  articles  have  been  cleaned  of  glycerol  and  treat 
ed  otherwise 

The  work  for  the  further  perf ectioning  of  the  conservation 
technique  is  being  carried  on 

0,  Charred  carved  wood 

Since  a  large  number  of  charred  fragments  of  carved 

wood  have  been  excavated  in  Middle  Asia  /  Pjandzikent,  Shah-* 
ristan  and  othex*s  f  In  VII-VTÏI  centuries  wooden  articles  to 
get hex*  with  mural  paintings  and  sculptures  decorated  temples 
and-  houses  All  these  samples  -  fragments  of  friezes,  capital 
sculptures  and  utensils  -  turned  into  char-coal  as  a  result  o 
fires  in  conditions  of  limited  air  access,  preserving  the  sha 
and  detailfs  of  the  carved  surface 

Char-coal  is  a  chemically  stable  substance  but  it  is  brit¬ 
tle  It  is  nearly  impossible  to  take  charred  objects  out  of 
the  earth  without  fixing  That’s  why  conservation  work  is  ad¬ 
visable  to  begin  in  the  field'  In  field  conditions  largo  char 
red  objects,  as  they  are  carefully  relieved  of  the  earth,  are 
poured  over  with  boiling  paraffin,  then  wrapped  up  in  several 
layers  of  gauze  fixed  with  paraffin-  In  the  conservation  stu¬ 
dio,  the  paraffin  is  smelted  away,  the  object  is  thoroughly 
cleaned  and  finally  fixed  with  wax  and  rosin  mixture  I  “»«1 
care  being  taken  hot  to  change  the  texture  of  the  char-coal • 
Cracks  and  gaps  are  filled  with  the  mixture  of  char-coal  po?r~ 
dor  in  polybutyl  methacrylate  acetone  solution-  If  necessary, 
the  object  Is  mounted  on  a  hard,  support  (  wooden,  foam-x-esin^ 
/n/  More  than  a  hundred  most  valuable  relics  of  wood  carving 
have  been  extracted  from  obstructions  and  were  fixed'  Now  a 


part  oí  them  is  displayed  at  the  Middle  Asia  culture  and  art 
exhibition  in  the  Hermitage  and  in  the  Academy  cf  Sciences  his¬ 
torical  Institute  of  the* Tajik  SSE  in  Dushanbe- 

In  some  cases,  for  treatment  of  thin  charred  objects  cf 
small  sise,  polybutyl  methacrylate  solution  may  be  used-.  * 
acetone  solution  forms  an  enveloping  film  which  allows  to  take 
the  object  quickly  out  of  the  ground  In  the  studio  the  film 
is  dissolved.,  the  object  is  carefully  cleaned  and  impregnated 
vrith  the  same  resin  in  xylene  (25-30^  The  impregnation  is 
made  with  a  brush  or  by  immersing  into  a  bath,  if  possible  : 

If  the  condition  of  the  char-coal  allows  to  immerse  it  in¬ 
to  a  bath  for  impregnation,  sometimes  it  is  advisable  to  intro¬ 
duce  a  butyl  methacrylate  monomer  into  it  and  then  polymerise 
it  inside  the  char— coal  A  similar  technique  is  used  for  the 
preservation  of  wet  archaeological  wood  ^4/  For  charred  wood 
an  optimal  method  of  impregnation  and  polymerization  has  been 
worked  out  /9/  It  is  advisable  to  impregnate  the  char  with  a 
monomer  by  immersing  it  into  a  bath  without  any  access  of 
light  during  20-40  hours  or  in  vacuum  during  20-50  minutes- 
Then  the  objects  are  kept,  in  a  thermostat  at  106  C  during  7 
hours,  with  slew  cooling  following*  Such  treatment  results  in 

t T 

tne  char-coal  weight  increasing  * , 8-2  times,  the  desired  streu, 
of  the  object  being  achieved^ 

This  technique  permitted  to  treat  thin  charred  wooden  plates 
with  pictures  carved  with  the  edge  cf  a  knife,  as  well  as 
small  charred  vessels  e  no.  figurines  of  animáis  bma.L».  i  rag- 
monts  of  those  objects  were  discovered  by  the  Krasnoyarsk  ox~* 


p edition  of  the  USSR  Academy  of  Sciences  in  a  burnt  under¬ 
ground  vault  and  brought  to  the  studio  without  previous  treaj 
id. eat*  After  treatment  the  fragments  were  sorted  out  accord in| 
to  the  design,  stuck  together  with  the  polybutyl  methacrylate 
acetone  solution;  the  parts  of  the  objects  which  could  not  bj 
cleaned  before  fixing  were  cleaned »  The  plates  thus  assemble! 


are  GO-lGO  cm  in  length- 

The  choice  of  the  treatment  technique  depends  on  the  cha¬ 
racter,  size  and  conditions  of  the  relics  discovered- 
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CONTRIBUTION  A  L'ETUDE  ET  AU  TRAITEMENT 
DES  BOIS  GORGES  D'EAU 


Dès  le  début  de  notre  étude  sur  les  possibilités  d’une  action  dans 
le  domaine  de  la  conservation  des  biens  culturels,  nous  nous  sommes 
aperçus  que  l'on  citait  souvent  la  sauvegarde  des  bois  gorgés  d'eau  comme 
étant  un  problème  important  et  relativement  urgent.  Nous  avons  alors 
essayé  de  savoir  pourquoi  les  méthodes  de  traitement  existantes  n'avaient 
pas  résolu  cette  question  en  recueillant  les  avis  de  nombreuses  personnes. 
Devant  la  grande  divergence  des  opinions  et  des  tendances,  la  variété  des 
critères  de  choix  ou  de  rejet  de  l'une  ou  l'autre  méthode,  nous  avons  du 
prendre  le  problème  de  façon  plus  systématique,  et  établir  un  plan  de 
travail. 

La  première  partie  devait  nous  permettre  de  faire  plus  amplement 
connaissance  avec  ce  matériau  assez  nouveau  pour  nous.  Le  Service  des 
Fouilles  et  Antiquités  du  Ministère  des  Affaires  Culturelles  nous  a  alors 
aimablement  fourni  des  bois  provenant  du  gisement  de  Chamalières  sur 
lesquels  nous  avons  pu  procéder  et  faire  procéder  à  un  certain  nombre 
d'études. 

La  seconde  partie  a  pour  objectif  la  meilleure  connaissance  des 
techniques  de  traitement  actuellement  connues.  Elle  doit  nous  conduire 
à  l'établissement  d'un  tableau  des  avantages  et  des  inconvénients  de 
chaque  méthode  selon  un  grand  nombre  de  critères.  C'est  grâce  à  l'aide 
du  Centre  International  d'études  sur  la  Conservation  et  la  Préservation 
des  Biens  Culturels  (Rome)  que  nous  avons  pu  profiter  des  enseignements 
d'une  enquête  lancée  par  ce  Centre. 

La  troisième  partie  doit  nous  conduire  à  la  mise  au  point  d'une 
technique  nouvelle,  plus  sûre,  plus  économique,  et  d'emploi  plus  fa¬ 
cile.  Une  méthode  sur  laquelle  nous  essayerons  de  regrouper  au  ma¬ 
ximum  les  avantages,  en  éliminant  le  plus  possible  les  inconvénients, 
signalés  par  l'enquête  sur  les  autres  procédés.  Cette  mise  au  point 
devra  normalement  se  poursuivre  par  une  série  de  traitements  expé¬ 
rimentaux  permettant  d'établir  des  "modes  d'emploi"  adaptés  aux 
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différentes  variétés  du  matériau, 

A,  ETUDE  DU  MATERIAU  . 

Divers  organismes  ont  apporté  et  apportent  encore  leur  concours 
à  cette  partie  de  notre  programme.  Ce  sont  :  Le  Centre  Technique  de 
l'Industrie  des  Papiers,  Cartons  et  Celluloses,  le  Service  des  Fouilles 
et  Antiquités  déjà  cité,  le  Centre  de  Recherches  sur  la  Conservation 
des  Documents  Graphiques  l'Institut  Pasteur  et  le  laboratoire  d'Hygiène 
de  la  Ville  de  Paris. 

a.  Etude  Botanique  et  Physico-Chimique. 

-  Les  quatre  échantillons  ayant  servi  à  cette  étude  étaient  des  feuil¬ 
lus,  selon  toute  vraisemblance  :  Saule  ou  Peuplier,  Bouleau,  Hêtre  ou 
Frêne.  Ils  étaient  dans  un  état  de  dégradation  avancée,  présentant  ie  plus 
souvent  l'aspect  d'un  tissu  spongieux  envahi  de  microorganismes.  On  y 
a  remarqué  des  cristaux  très  nombreux  se  présentant  en  macles  de  plu¬ 
sieurs  millimètres.  On  peut  également  noter  que  la  cohésion  de  ces  échan 
tillons  varie  beaucoup  d'un  endroit  à  l'autre  d'un  même  morceau. 

Les  analyses  chimiques  ont  été  effectuées  sur  un  prélèvement  mo¬ 
yen  de  chaque  échantillon  après  séchage  à  l'air  et  mise  en  sciure  (appa¬ 
reil  Wiley,  Tamis  2,  ouverture  de  maille  2mm  environ).  Les  résultats 
reflètent  donc  la  composition  moyenne  de  chaque  bois,  sans  tenir  compte 
des  différences  pouvant  exister  entre  les  zones  plus  ou  moms  altérées. 

Les  analyses  effectuées  sont  les  suivantes  : 

-  Sur  échantillons  bruts  :  siccité,  après  séchage  a  105°C. 

-  Sur  les  sciures  : 

-Cendres  à  800°C  :  analyse  du  Fer,  Calcium,  Aluminium, 
Magnésium,  par  spectrophotométrie  d'absorption  atomique, 
et  Silice  par  gravimétrie. 

-Insoluble  dans  l'acide  sulfurique  à  72%,  assimilé  a  un  taux 
de  lignine"  (Norme  AFNOR  T-12  0  14).  Cette  analyse  est 
faite  après  extraction  à  l'eau  chaude  au  Soxhlet,  1  insoluble 
étant  corrigé  du  taux  de  cendres  résiduelles. 


3. 


-Polyosides,  par  chromatographie  en  phase  gazeuse  des  déri¬ 
vés  silylés  après  hydrolyse  complète  des  échantillons  et  ré¬ 
duction  des  polyosides  à  l'état  d'oses  simples. 

-  Enfin,  on  a  recherché  et  dosé  les  polyosides  dans  l 'extrait  à 
l'eau  bouillante  des  différentes  sciures. 

Les  résultats  de  ces  analyses  figurent  dans  le  tableau  1,  ils  ap¬ 
pellent  les  remarques  suivantes  : 

1.  Les  quatre  échantillons  contiennent  des  quantités  très  importantes  de 
matières  minérales,  principalement  du  fer  et  de  la  silice. 

2.  Le.s  extraits  à  l'eau  chaude,  au  soxhlet,  sont  anormalement  élevés, 
notamment  sur  P  3-3.  Leur  composition  n'a  pas  été  étudiée. 

3.  La  fraction  polyosidique  des  quatre  bois  a  subi  une  forte  dégradation 
puisqu'elle  ne  représente  plus  que  16  à  30%  des  échantillons,  alors  que 
les  bois  frais  en  renferment  habituellement  65  à  80 %.  On  retrouve  après 
hydrolyse  les  cinq  sucres  présents  habituellement  dans  les  bois  frais  : 
glucose,  galactose,  mannose,  arabinose,  xylose,  ainsi  que  les  traces 
d'un  autre  sucre  (rhamnose  ou  fucose).  On  note,  par  rapport  à  un  bois 
frais,  un  enrichissement  relatif  très  important  en  galactose,  mannose 
et  arabinose,  sucres  constitutifs,  avec  le  xylose,  de  la  fraction  hemi- 
cellulose".  Les  taux  de  glucose  et  xylose  habituellement  prédominants, 
sont  de  ce  fait,  très  inférieurs  aux  valeurs  normales,  dont  on  trouvera 
quelques  exemples  dans  le  tableau  2.  Par  contre,  les  polyosides  des  ex¬ 
traits  à  l'eau  bouillante  ont  une  composition  semblable  à  celle  que  l'on 
obtiendrait  avec  un  bois  frais  :  l 'arabinose  et  le  galactose,  pouvant  pro¬ 
venir  des  arabinogalactanes,  sont  extraits  en  priorité.  De  plus,  il  y  a 
peu  de  glucose,  ce  qui  ferait  penser  que  ce  sucre  provient  bien  de  la 
cellulose. 

La  composition  anormale  de  la  fraction  polyosidique  pourrait 
provenir  entre  autres  causes  : 

-de  la  dégradation  sélective  de  certaines  parois  de  fibres,  ayant 
préservé,  pour  des  raisons  diverses,  des  zones  riches  en  hemi- 
celluloses  (protection  par  la  lignine,  par  exemple). 


-de  1  attaque  sélective  de  certains  polyosides  par  des  microor¬ 
ganismes  ayant  des  métabolismes  divers, 

-de  la  prolifération  de  microorganismes  dont  le  contenu  cellu¬ 
laire  serait  particulièrement  riche  en  galactose  et  arabinose. 

4.  Les  taux  de  lignine  sont  anormalement  élevés,  les  bois  frais  en 
renfermant  habituellement  de  15  à  30%.  Cette  fraction  a  beaucoup  mieux 
résisté  à  la  dégradation  que  la  fraction  polyosidique.  Toutefois,  le  noir¬ 
cissement  des  bois,  l'état  pulvérenf  des  sciures  et  le  comportement  de 
l'échantillon  au  cours  du  dosage,  font  penser  que  cette  lignine  a  très  cer¬ 
tainement  subi  des  modifications. 
b.  Etude  des  microorganismes. 

‘  L'étude  photomicrographique  ayant  montré  la  présence  de  nom¬ 
breux  microorganismes,  il  nous  a  semblé  utile  de  préciser  nos  connais¬ 
sances  sur  ce  point. 

1.  Champignons  et  moisissures. 

Le  service  de  Mycologie  du  Museum  de  Paris  a  identifié  dans 

les  échantillons  étudiés  les  espèces  suivantes  : 

-Aspergillus  versicolor 
-Penicilium  vermiculatum 
-Penicilium  crusotum 
-Penicilium  cyclopium 
-Penicilium  frequentans 
-Cladosporium  herbarum 

2.  Bactéries  et  virus. 

Les  échantillons  étudiés  ne  contenant  pas  de  virus  mais  d'assez 
nombreuses  bactéries  dont  la  détermination  n'est  pas  actuellement  terminée. 

Cette  étude  physico- chimique  nous  ayant  donné  un  aperçu  rapide  des 
propriétés  du  matériau,  nous  avons  cherché  à  extraire  de  l'enquête  effec¬ 
tuée  par  le  Centre  International  de  Conservation  (Rome)  des  informations 
concernant  les  méthodes  de  traitement  actuellement  employées. 

B,  LES  METHODES  ACTUELLES  DE  TRAITEMENT. 

Il  faut  bien  dire  que  cette  enquête  n'a  pas,  jusqu'ici,  donné  les  ré¬ 
sultats  attendus.  Le  nombre  encore  insuffisant  des  réponses,  les  difficul¬ 
tés  éprouvées  par  certaines  des  personnes  interrogées  pour  estimer 
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TABLEAU  I  : 

Résultats  des  analyses 

Echantillon  n°  : 

P  2-3 

P  3-3 

0  4-3 

M  3-3 

Nature  probable  du  bois  : 

Saule  ou 
peuplier 

Bouleau 

Hêtre 

Frêne 

Siccité  :  %  sur  brut  : 

19,  1 

25,  9 

27,4 

39,  7 

Composition  du  bois  anhydre  : 

Cendres  à  800°C  : 

22,5 

39,  5 

28,  5 

22,  2 

Lignine  : 

62,  5 

41 

53 

60 

Extrait  à  l'eau  (Soxhlet)  : 

12,5 

35 

11,7 

7 

Polyosides  totaux  : 

25,  5 

16 

29,  5 

25 

Fraction  polyosidique  :  comp. 

relat.  % 

Glucose  : 

50 , 5 

58,  5 

42 

43,  5 

Galactose  : 

5 

5,  5 

11 

14 

Mannose  : 

5,  5 

5,  5 

12 

14 

Arabinose  : 

20 

20,  5 

19,  5 

12,  5 

Xylose  : 

.  19 

10 

15,  5 

15,  5 

Fraction  minérale  :  en  %  des 

cendres  . 

Fer  : 

29 

12 

29,4 

25 

Calcium  : 

7,5 

4,4 

3,  8 

6,4 

Aluminium  : 

2 

3,7 

2,1 

0,7 

Magnésium  : 

0,9 

1,  1 

0,  6 

0,  8 

Silice  (SiC^)  • 

27,4 

43 

30,4 

29,  1 

Fraction  polyosidique  de  l'extrait 

à  l'eau  bouillante  . 

Polyosides  :  %  bois 

6 

3 

7 

3,  3 

Composition  relative  :  % 
Glucose  : 

4 

6 

3 

3,  5 

Galactose  : 

11,  5 

25 

19 

17 

Mannose  : 

1,5 

4 

3,  5 

3 

Arabinose  : 

63,  5 

42,  5 

61 

70,  5 

Xylose  : 

19,  5 

22,  5 

13,  5 

6 
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TABLEAU  2 


Composition  en  sucres  des  bois 

frais  (en  %). 


Nature  du  bois. 

Xylose 

Glucose 

Galactose 

Mannose 

Arabinos 

Bouleâu  : 

39 

58,  5 

1,5 

0,  5 

0,  5 

Tilleul  : 

34,  5 

58,  5 

1,  5 

3,  5 

2 

Erable  : 

32,  5 

60,  5 

2 

4 

1 

Hêtre  : 

28 

65 

4 

1,5 

1,5 

Chêne  : 

26 

68,  5 

2,  5 

2 

1,5 

Frêne  : 

32 

05 

O 

O 

3 

2,  5 

2,  5 

Saule  : 

26 

74 

3 

2,  5 

1 

Orme  : 

27 

68,  5 

2,  5 

2 

1 

Aulne  : 

27 

67 

3,  5 

1,5 

1 

\ 

y 
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l'usure  des  récipients  en  oubliant  le  coût  de  la  main-d'oeuvre,  la  rela¬ 
tive  imprécision  et  la  subjectivité  des  réponses  font  qu'il  est  actuelle¬ 
ment  difficile  d'en  tirer  plus  que  des  tendances  et  des  impressions. 

On  peut  souhaiter  que,  soit  par  de  nouvelles  réponses,  soit  par  l'amé¬ 
lioration  de  celles  déjà  parvenues,  cette  entreprise  prenne  toute  sa  va¬ 
leur  et  tout  sop  intérêt.  Cependant  on  peut  d'ores  et  déjà  esquisser  le 
tableau  des  méthodes  actuelles  de  traitement.  Les  plus  fréquemment 
citées  sont  dans  l'ordre  :  Arigal  C,  Polyéthylène-Glycol,  Alcool-Ether- 
Résine,  d'autres  comme  le  séchage  à  froid  par  le  Butanol  tertiaire,  ou 
encore  l'utilisation  des  sels  de  Chrome,  peu  nommées,  doivent  être  con¬ 
sidérées  comme  expérimentales.  Enfin,  plus  personne  ne  parle  de  tech¬ 
niques  plus  anciennes  comme,  par  exemple  l'utilisation  de  l'Alun. 
a.  Traitement  par  l'Arigal-C. 

On  immerge  le  bois  dans  une  solution  aqueuse  contenant  2  5% 
d'une  résine  Mélamine-Formol  jusqu'à  ce  que  le  bain  soit  devenu  homo¬ 
gène,  on  condense  ensuite  par  action  d'un  catalyseur  le  produit  impré¬ 
gnant.  Celui-ci  étant  complètement  insoluble,  la  méthode  n'est  donc 
pas  réversible.  Malgré  la  relative  légèreté  du  matériau  obtenu,  la 
•  consolidation  des  pièces  de  taille  moyenne  est  satisfaisante,  leurs  di¬ 
mensions  sont  maintenues  à  environ  1%  près,  et  leur  aspect  est  quali¬ 
fié  de  trop  clair.  Le  traitement  nécessite  quelques  précautions,  en  par- 

O 

ticulier,  du  côté  de  la  température  et  du  pH.  Pour  un  objet  de  2  dm 
sa  durée  est  de  deux  mois  environ,  temps  de  séchage  en  plus,  le  prix 
des  produits  varie,  selon  les  estimations  de  30  à  ÎOO  Frs,  et  le  nom¬ 
bre  d'heures  de  personnel  relativement  spécialisé  de  1  à  40  !  Ce  qui 
conduit  à  une  estimation  du  coût  de  traitement  de  30  à  430  Fr  le  dm  , 
non  compris  les  amortissements  et  les  consommations  de  fluides  di¬ 
vers.  Pour  des  lots  d'objets  plus  importants  traités  en  une  seule  fois, 

100  dm 3  par  exemple,  on  obtient  de  la  même  façon  un  prix  de  20  à 
40  Fr  le  dm^. 
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b.  Traitement  par  le  Polyethylène-Glycol  (PEG  4000). 

On  immerge  le  bois  dans  une  solution  aqueuse  de  Polyéthylène - 
Glycol  puis  on  élève  progressivement  la  température  jusque  vers  60°C, 
l'eau  de  la  solution  et  du  bois  s'évaporent  lentement  et  la  concentration 
de  cire  dans  le  bois  augmente.  Après  refroidissement  on  nettoie  l'objet 
(avec  du  Toluène  par  exemple).  Le  maintien  de  la  forme  est  assuré  dans 
d'assez  bonnes  conditions,  la  couleur  finale  est  très  foncée  et  le  poids 
élevé,  l'aspect  peut  être  parfois  un  peu  collant.  Il  apparait  souvent  des 
fentes  dans  les  pièces  plus  importantes.  La  durée,  du  traitement  est  beau¬ 
coup  plus  longue  que  dans  la  technique  précédente.  Cette  méthode  réver¬ 
sible  (au  moins  partiellement)  est  vraisemblablement  un  peu  moins  chère 
que  l'utilisation  de  l'Arigal  C,  étant  aussi  plus  aisée  son  emploi  est  très 
fréquent.  Une  variante  dans  laquelle  l'eau  est  remplacée  par  du  Méthanol 
a  été  expériem entée,  les  déformations  semblent  moindres  qu  avec  1  eau 
et  la  vitesse  de  traitement  est  plus  grande. 
c.  Traitement  par  l'Alcool-Ether-Résine. 

Cette  technique  se  déroule  en  deux  étapes.  Tout  d'abord  on  rem¬ 
place  par  des  bains  successifs  l'eau  contenue  dans  le  bois  par  de  l'alcool. 
Puis  cet  alcool  par  de  l'éther  dans  lequel  a  été  dissoute  une  résine  natu¬ 
relle  ou  non.  On  procède  alors  à  l'évaporation  de  l'éther  (éventuellement 
par  un  vide  partiel)  qui  dépose  cette  résine  dans  les  canaux  du  bois  en  le 
consolidant.  L'enquête  a  donné  peu  de  réponses  sur  cette  méthode  quali¬ 
fiée  d'expérimentale,  assez  chère  et  un  peu  dangereuse.  Les  résultats 
obtenus  semblent  excellents,  l'aspect  du  bois  très  naturel,  les  dimen¬ 
sions  bien  conservées.  Toutefois  comme  pour  le  traitement  au  Polyé¬ 
thylène -Glycol  les  indications  fournies  sont  insuffisantes  pour  permettre 
une  estimation  même  sommaire  du  coût  de  la  consolidation. 

En  attendant  de  pouvoir  tirer  de  cette  enquête  des  résultats  plus 
constructifs  nous  avons  commencé  à  définir  un  programme  de  recherches 
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C.  ESSAI  DE  DEFINITION  D'UNE  ORIENTATION  NOUVELLE  . 

Il  nous  est  apparu  que  le  problème  pouvait  être  décomposé  en 
deux  parties  :  le  remplacement  de  l’eau  et  le  durcissement  du  maté¬ 
riau  substitué.  Dans  le  cas  où  l'on  choisit  comme  produit  imprégnant 
une  résine  polymérisable  par  l'action  du  rayonnement  "^les  deux  pro¬ 
blèmes  cités  sont  suffisamment  modifiés  pour  justifier  l'étude  d  une 

éventuelle  méthode  de  traitement. 

Pour  obtenir  de  bonnes  qualités  du  produit  traité  il  nous  semble 
important  de  substituer  la  plus  grande  partie  de  l'eau  (ce  qui  n'est  pas 
le  cas  dans  la  méthode  à  l'Arigal  C)  par  un  produit,  évidemment  dur- 
cissable,  de  masse  moléculaire  et  de  viscosité  aussi  faibles  que  pos¬ 
sible  afin  de  bénéficier  d'une  plus  grande  vitesse  de  traitement  (ce  qui 
n'est  pas  le  cas  du  PEG  4000).  Ce  produit  d'imprégnation  doit  être  so¬ 
luble  dans  l'eau  soit  naturellement,  soit  par  l'intermédiaire  dhin  arti¬ 
fice.  Enfin  pour  augmenter  la  concentration  dans  l'objet,  il  est  néces¬ 
saire  de  savoir  extraire  l'eau  de  ce  produit. 

De  plus,  l'emploi  du  rayonnement  iT pour  initier  la  polymérisation 
d'un  monomère,  jusque  là  pratiquement  inerte,  permet  d'éviter  les  in¬ 
convénients  de  l'action  difficile  d'un  catalyseur  provenant  de  l'extérieur. 
En  effet,  dès  que  la  polymérisation  des  couches  externes  de  l'objet  de¬ 
vient  importante  la  pénétration  du  catalyseur  nécessaire  au  durcisse¬ 
ment  des  couches  internes  devient  beaucoup  plus  difficile.  Ce  phéno¬ 
mène  risque  de  provoquer  de  mauvaises  consolidations  internes  dans 

les  bois  de  taille  plus  importantes. 

Ces  considérations  nous  ont  amené  à  étudier  deux  directions  de 

traitement  : 

a.  Une  méthode  de  substitution  Eau-Solvant-Monomère  empruntée  aux 
travaux  de  M.  Munnikendam  et  M.  de  Guichen,  destinée  à  nous  permet¬ 
tre  de  vérifier  l'intérêt  de  l'emploi  du  rayonnement  if  pour  la  partie  poly¬ 
mérisation.  Les  couples  choisis  furent  : 
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-  Eau-Acétone-Styrène/ Polyester 

-  Eau-Ethanol-Métacrylate  de  Méthyle. 

Dans  les  deux  cas  le  rapport  des  poids  après  traitement  aux  poids  avant 
traitement  ont  été  de  l'ordre  de  0,9,  les  dimensions  ont  été  maintenues 
à  mieux  que  2 %  près.  Le  matériau  traité  présente  un  aspect  excellent  et 
une  très  grande  stabilité  dans  le  temps.  Cependant  le  traitement  est  assez 
long,  consomme  une  quantité  importante  de  solvant  (environ  2  5  fois  le  vo¬ 
lume  du  bois)  et  de  monomère  (environ  15  fois  le  volume).  On  pourrait 
envisager  éventuellement  un  retraitement  du  monomère  pour  en  extraire 
le  solvant  et  diminuer  le  prix  de  revient. 

b.  Une  méthode  d'extraction  Liquide -Liquide  dans  laquelle  le  monomère 
est  rendu  artificiellement  soluble  dans  l'eau  par  adjonction  d  une  petite 
quantité  de  solvant.  On  est  alors  devant  un  système  qui  en  présence  d'eau 
se  sépare  en  deux  phases  :  l'une  contient  la  quasi-totalité  de  1  eau,  un  peu 
de  solvant  et  des  traces  de  monomère,  l'autre  ne  contient  pratiquement 

pas  d'eau  et  peut  être  recyclée.  C'est  dans  cette  voie  que  nous  nous  som- 

f  y 

*  J  mes  engagés. 

D,  MISE  AU  POINT  D'UNE  TECHNIQUE  DE  TRAITEMENT  PAR  EXTRACTION 

LIQUIDE -LIQUIDE  . 

Pour  cette  direction  de  recherche,  il  faut  avant  tout  faire  le  choix 
du  système  Solvant -Monom ère.  Ce  choix  se  fait  à  partir  des  diagrammes 
de  solubilité  ternaires.  La  littérature  étant  presque  muette  sur  ce  sujet, 
nous  avons  commencé  par  tracer  ces  diagrammes  point  par  point  a  par¬ 
tir  de  mélanges  de  composition  connue  (Voir  figure  1).  C'est  ainsi  que 
nous  avons  étudié  les  systèmes  : 

-  Eau -Ethanol-Styrène. 

-  Eau-Méthanol-Styrène. 

-  Eau-Acétone-Styrène. 

-  Eau-Acétone-Styrène/Polyester,  pour  deux  compositions  de  mo 
nomères. 

0>.  _  Eau-Ethanol-Metacrylate  de  Méthyle. 

-  Eau-Acétone-Metacrylate  de  Méthyle. 
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De  ces  diagrammes  on  tire  ensuite  les  courbes  de  partage  des  sol¬ 
vants  entre  l  ean  et  le  monomère  choisi,  (Voir  figure  2).  Puis  on 
réalise  des  solutions  correspondant  à  la  composition  moyenne  du 
mélange  qui  imprégnera  le  bois  en  fin  de  traitement  pour  pouvoir 
étudier  les  conditions  de  polymérisation.  Ces  essais  ont  montré 
que  la  plupart  des  solutions  envisagées  donnaient  des  polymères 
dotés  de  propriétés  mécaniques  valables.  Cependant  le  plus  homo¬ 
gène  et  le  plus  stable  a  été  le  mélange  Ethanol-Métacrylate  de  Mé¬ 
thyle  qui  même  avec  10%  d'alcool  inclus  ne  voit  pas  son  poids  va¬ 
rier  de  plus  de  Io/ co  après  trois  mois  d'étuve  à  6  5°C. 

Ayant  ainsi  rassemblé  des  informations  sur  le  polymère  et 
sur  la  répartition  du  solvant  entre  les  autres  constituants,  il  impor¬ 
tait  de  connaître  la  signification  physique  de  ces  dernières  courbes. 
Pour  ce  faire,  nous  avons  réalisé  une  installation  pilote  capable  de 
traiter  des  objets  de  quelques  litres,  adaptable  aux  différentes  so¬ 
lutions.  (Voir  figure  3)  Deux  séries  d'expériences  ont  été  réalisées 
avec  les  systèmes  :  Eau-Acétone-Styrène  et  Eau-Méthanol-Styrène. 

On  note  les  résultats  suivants  : 

-  Système  Eau-Acétone-Styrène  :  L'extraction  est  très  rapide  (en¬ 
viron  50%  du  poids  initial  du  bois  en  24h),  mais  les  dimensions  sont 
très  altérées,  jusqu'à  30%  sur  les  mesures  tangentielles. 

-  Système  Eau-Méthanol-Styrène  :  Pas  de  variations  de  dimensions, 
mais  pas  d'extraction  non  plus  ! 

Dans  le  premier  cas  on  a  visiblement  un  dessèchement  trop 
rapide  du  bois,  il  semble  donc  qu'il  faille  s'orienter  vers  un  système 
dans  lequel  le  solvant  soit  le  plus  impartial  possible  vis  à  vis  de  l'eau 
et  du  monomère.  Cette  constatation  nous  conduit  à  utiliser  le  système 
Eau-Ethanol-Métacrylate  de  Méthyle. 

Pour  une  composition  initiale  de  :  Métacrylate  de  Méthyle  85%, 
Ethanol  10%,  Eau  5%  (ce  qui  peut  se  produire  au  moment  de  la  mise 
en  place  du  bois),  on  rejéte  un  mélange  contenant  seulement  de  1  eau, 

7  %  d 'Ethanol  et  des  traces  de  monomère.  La  figure  4  donne  quelques 
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exemples  de  courbes  d’extraction  de  l’eau  pour  des  échantillons  de 
volume  et  porosité  divers.  La  figure  5  montre  l'évolution  des  dimen¬ 
sions  au  cours  du  séchage,  après  traitement  et  polymérisation,  dans 
une  pièce  dont  la  température  est  maintenue  à  21°C  (humidité  non  con¬ 
trôlée).  En  effet,  il  n’apparait  pas  nécessaire  de  remplacer  la  totali¬ 
té  de  l'eau  par  le  mélange  polymérisable,  car  le  temps  de  traitement 
deviendrait  prohibitif.  Nous  nous  sommes  fixés,  au  moins  dans  une 
première  étape,  le  remplacement  de  60  à  70%  de  l'eau  contenue  ini¬ 
tialement.  Le  matériau  ainsi  obtenu  a  une  densité  après  séchage  de 
l'ordre  de  celle  du  bois  naturel,  son  aspect  étant  très  voisin  de  ce¬ 
lui  d’un  bois  sec  ancien. 

E.  PERSPECTIVES  . 

Dans  les  prochains  mois  nous  comptons  : 

a.  Poursuivre  les  essais  de  ce  système  sur  des  bois  variés,  origine, 

état  de  dégradation,  coeur  et  aubier,  etc 

b.  Tester  éventuellement  d’autres  couples  solvant-monomère  pour 
approfondir  la  question  de  l'impartialité  du  solvant  vis  à  vis  de 
l'eau  et  du  monomère  et  essayer  de  réduire  la  tension  de  vapeur 
du  mélange  pour  pouvoir  extrapoler  plus  facilement  vers  une  ma¬ 
chine  de  plusieurs  centaines  de  litres  de  capacité. 

c.  Prolonger  les  essais  de  vieillissement  naturel  par  des  contrain¬ 
tes  plus  dures  (chocs  thermiques,  variations  rapides  d’hygromé¬ 
trie,  etc.  .  .  ). 

d.  Commencer  des  traitements  expérimentaux  sur  des  objets  d  in¬ 
térêt  secondaire  (fragments,  pieux,  etc). 

F.  CONCLUSIONS  . 

Les  perspectives  offertes  par  l'utilisation  simultanée  d’une  tech¬ 
nique  d'extraction  liquide -liquide  de  l'eau  du  bois  et  de  la  polymérisation 
sous  rayonnement  Y  du  monomère  introduit  en  remplacement  sont  suf 
fisamment  intéressantes  pour  mériter  d'être  étudiées  plus  à  fond. 

Ses  principaux  avantages  sont  en  effet  : 
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1.  Faible  consommation  de  produits,  limitée  pratiquement  à  ce 
qui  est  introduit  dans  le  bois. 

2.  Très  bonnes  qualités  du  matériau  traité. 

3.  Réversibilité  partielle  suffisante  pour  pouvoir  éventuellement 
dégager  l'extérieur  du  matériau  (dans  les  pièces  importantes, 
supérieures  à  quelques  dm^,  il  serait  illusoire  d'espérer  ex¬ 
traire  la  totalité  du  polymère  contenue,  en  particulier  dans 

les  régions  centrales). 

4.  Possibilité  d'automatisation  presque  complète  du  traitement. 

5.  Prix  de  revient  tout  à  fait  comparable  à  celui  des  autres  tech¬ 
niques  . 

Il  reste  encore  quelques  inconvénients  que  nous  nous  efforcerons 
de  réduire  : 

1.  Longueur  du  traitement  encore  un  peu  élevée. 

2.  Réduction  des  dimensions  de  l'ordre  de  2 %,  ce  qui  semble  être 
trop  important. 
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ANNEXE  1 


LES  DIAGRAMMES  DE  SOLUBILITE  TERNAIRES 


L'étude  des  mélanges  de  trois  corps  liquides  non  miscibles  en 
toutes  proportions  se  fait  sur  un  diagramme  ternaire.  Tout  mélange  ter¬ 
naire  M  des  constituants  A,  B,  C  est  représenté  par  un  point  d'un  trian¬ 
gle  équilatéral  (figure  a).  On  a  : 

MA'  +  MB'  +  MC  =  Constante  =  AH  =  100% 

et  : 

MA  '  _  Concentration  du  produit  A  ,  MB'  _  Concentration  du  produit  B,  et 
AH  AH 

Les  zones  du  triangle  ou  les  trois  constituants  ne  forment  qu'une 
phase,  c'est  à  dire  sont  parfaitement  miscibles  entre  eux,  sont  séparés 
de  celles  ou  le  mélange  se  sépare  en  deux  phases  par  des  courbes.  Dans 
le  cas  qui  nous  intéresse  cette  courbe  grossièrement  parabolique  passe 
pratiquement  par  les  sommets  du  triangle  :  Eau  et  Monomère,  la  solu¬ 
bilité  de  l'un  dans  l'autre  étant  presque  nulle.  (Figure  b).  Si  un  mélange 
a  son  point  représentatif  dans  la  zone  supérieure,  les  projections  sur  les 
trois  côtés  donneront  la  composition  du  mélange.  Lorsque  le  point  repré¬ 
sentatif  est  dans  la  zone  d'insolubilité  le  mélange  se  sépare  en  deux  phases 
non  miscibles  entre  elles.  La  composition  globale  reste  représentée  par 
M,  les  compositions  des  deux  phases  sont  données  par  M^  et  M2,  les  trois 
points  sont  alignés  sur  une  "droite  de  conjugaison"  et  les  rapports  : 

MM  ^  MM 

_ et  1 

m1m2  m:m2 

représentent  les  quantités  respectives  des  deux  phases.  Les  droites 
de  conjugaison  sont  pratiquement  concourantes,  l'une  d'elles  passe  par  le 
point  critique  ou  le  mélange  commence  à  devenir  parfaitement  miscible. 


A 


figure  (  a  ) 
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INTRODUCTION. 

The  action  of  the  fungus  parasites  is  one  of  the  biggest 
causes  of  deterioration  in  works  of  graphic  art  and  papers  îp 

general . 

Little  is  known  (1)  about  the  kinds  of  parasitic  microorganisms 
involved  in  the  destructive  processes  and  on  the  non-destructive 
analytical  techniques  for  studying  the  pigments  produced  by 
fungi. 

The  present  communication  reports  the  preliminary  investigations 


(1)  -  A.  Tonolo:  Sviluppi  delle 
conservazione  della  carta 
nale  delle  Stampe,  n.  2, 


ricerche  microbiologiche 
-  Ouaderni  del  Gabinetto 
1971. 


per  la 
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carried  out  to  investigate  the  possibility  of  using  visiole  and 
U.V.  spectroscopic  analysis  to  <?ive  information  on  the  nature 
and  on  the  origin  of  the  pigments  formed  on  works  of  graphic 


art . 

The  special  kinds  of  works  of  art  and  papers  under  examination 
cannot  be  analyzed  by  the  usual  spectrophotometers  without  de 
struction,  because  the  techniques  are  applicable  to  solution  Oi 
transparent  media. 

The  availability  of  a  special  spectrophotometer,  like  the  Perki 
Elmer  356,  will  enable  us  to  measure  papers,  non-trasparent  na- 
terials,  etc. 


EXPERIMENTAL. 

i)  Preparation  and  analysis  of  samples  of  old  prints  containing 

pigments . 

Surfaces  covered  by  various  pigments  were  cut  from  old  prints 
containing  alterations  due  to  the  colours  produced  by  fungi. 

In  order  to  simplify  the  analysis  of  the  mixture  of  pigments, 
the  size  of  the  light  beam  was  made  very  small,  generally  1.5  x 
x  1.5  mm.  In  this  way  more  omogeneous  sections  of  the  pigments 

could  be  investigated. 

The  spectrum  of  each  sample  was  compared  with  an  undiscoloured 


surface  of  the  same  paper. 

In  fig.  1  five  different  spectra  are  shown  representing  five 
series  collected  from  32  old  prints. 


b)  Preparation  and  analysis  of  fungi  cultures._ 

Three  different  kinds  of  fungi  (Pénicillium  M16,  Fusarium  and  Ci; 
dosporiun  Ml 2)  were  each  developed  in  three  different  culture  me 


dia,  saborand,  medium  R  with  cellulose  and  filter  paper  treated 
with  Czapek ’s  Dox  mineral  solution. 

Small  amounts  of  mould  produced  by  different  fungi  were  put 
within  two  quartz  thickness  and  analysed  by  spectrophotometer 

against  air. 

In  the  figures  2,  3,  4,  are  shown  the  various  spectra  for 
each  fungus  culture. 

In  the  case  of  the  cultures  in  the  oaper  medium  also  the  spectrum 
of  the  pigments  produced  by  the  fungus  is  reported,  after  scra¬ 
ping  the  mould,  as  shown  in  figures  5,  6,  7. 

c)  Development  and  analysis  of  fungus  cultures _ on  coloured  paper_._ 

Samples  of  paper  were  coloured  with  various  colouring  materials 
such  as  water  colours,  pastel,  pencil,  chalk,  etc.  and  the  at sor 
ption  spectrum  has  been  taken  for  eacn  sample. 

For  each  colour,  four  samples  we  re  used  to  develop  cultures  Oi. 
Pénicillium  and  Fusarium  which  had  been  grown  either  on  Terreno 
R  or  on  filter  paper,  until  the  samples  were  completely  coverec 
with  fungus. The  spectra  of  the  samóles  were  then  taken  after  sera 
ping  off  the  fungus,  using  paper  of  the  same  type  as  a  referen¬ 
ce.  In  the  same  way,  the  spectra  were  taken  of  pigments  produ¬ 
ced  by  Pénicillium  and  Fusarium  on  uncoloured  paper,  as  shown 
in  the  figures  5,  6,  7,  8.  From  all  of  these  data,  differences 
in  the  spectrum  of  the  pigments  produced  by  each  culture  (Péni¬ 
cillium  and  Fusarium)  were  examined  attributable  to  :  l)type 
of  paper  sample,  2)  type  of  colouring  material,  3)  type  of 
growth  medium  of  the  fungus. 


Spectroscopic  technique. 

The  absorption  spectra  were  registered  by  a  Perkin  Piper 
double  beam  spectrophotometer  in  the  region  of  330  nm  - 
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with  a  tungstene-iodine  lamp. 

This  type  of  spectrometer  is  particularly  useful  for  this  kind 
of  analysis  because  of  its  peculiar  characteristics  regara  in,-, 
the  normal  spectrophotometer. 

The  normal  spectrophotometer  has  an  absorption  range  lower  than 
1.5  A,  which  is  not  enough  to  measure  the  absorption  of  pigments 
on  the  prints.  Further  the  position  of  the  samples  is  too  far 
from  the  detector,  so  that  the  detector  collects  only  a  very  small 
fraction  of  the  beam  diffused  from  the  sample. 

In  the  Perkin  Elmer  356  machine  the  sample  is  placed  at  the  sur¬ 
face  of  the  detector,  so  that  the  detector  collects  most  of  the 
diffusion  beam.  Further,  the  machine  has  a  pair  of  optical  atte¬ 
nuating  filters  which  may  be  introduced  gradually  into  the  opti 
cal  paths  of  the  beams.  By  adjusting  the  filters  it  is  possible 
to  vary  the  range  of  absorption. 

In  our  experimental  conditions,  the  amount  of  light  an  iving  at- 
the  detector  is  very  low  in  any  case  and  consequently  the  power 
supply  is  very  high.  In  order  to  reduce  this  effect  we  enlarge 
the  entrance  slit  of  the  monochromator  increasing  the  transmis¬ 
sion  of  the  light  beam  but  reducing  the  resolution.  The  resolu¬ 
tion  of  3  nm  (against  1  nn  under  the  normal  conditions)  is  still 
good  enough  for  the  purposes  of  our  work. 

At  the  present  time  the  spectra  cannot  give  Quantitative  values 
of  the  absorbance  which  can  be  evaluated  rigorously,  but  qualita¬ 
tive  results  can  be  compared  between  the  spectra.  Because  of  this 
absorbance  values  are  not  shown  on  the  figure.  The  comparison 
of  the  absorption  intensity  of  the  spectra  shown  in  the  same  fi- 


gure  is  only  approximate. 

These  difficulties  of  technique  will  be  overcome  by  using  a  spe¬ 
cial  accessory  to  be  delivered  by  Perkin  Elmer  Ind.  in  order  tc 
analyze  the  reflected  light  from  non-transparent  materials. 

DISCUSSION  AND  RESULTS. 

As  mentioned  above.  Figure  1  shows  five  representative  spectra, 
chosen  from  about  3o  studies  of  samples  of  different  ages  and 
demonstrating  the  chromatic  changes  due  to  microorganisms .The 
pigments  which  have  developed  naturally  in  the  course  of  time 
have  absorption  maxima  usually  in  the  spectral  regions  360-380 
nm,  4 20-4 50  nm  and  510-550  nm  .  These  three  bands  sometimes  an 
pear  only  as  shoulders  or  inflections  on  the  sides  of  a  more 
intense  band.  Rarely  two  other  bands  at  470-490  nm  and  600-650 
nm  appear  which  are  not  shown  in  the  figure.  The  classifica¬ 
tion  of  the  series  of  spectra  in  Fig.  1  has  been  performed  by 
comparison  with  the  spectra  of  pigments  which  have  been  develo¬ 
ped  from  fungus  cultures  in  our  laboratory  as  will  be  described 
later. 

Tonolo  ^  has  identified,  from  microbiological  studies  three- 
kinds  of  fungus  responsible  for  the  deterioration  of  paper:  Pe¬ 
nicillin,  Fusarium  and  Cladosporium .  Therefore  we  have  analysed 
spectroscopically  the  mould  produced  by  these  three  fungi  and 
the  pigments  that  they  leave  on  the  paper. 

Figures  2,  3  and  4  show  the  absorption  spectra  of  the  mould  of 
Penicillin,  Fusarium  and  Cladcsporium  developed  in  different 
culture  media:  Terreno  R,  Filter  paper ,  with  solution  of  Czapek 
Dox,  sabourand. 
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In  each  figure  there  is  also  shown  the  spectrum  of  the  pigment 
produced  by  the  fun pus  on  the  same  filter  paner  which  is  also 
one  of  the  culture  media.  It  ^ay  be  seen  that  the  various  spectra 
for  each  type  of  fungus  are  by  no  means  identical. 

Figure  2  shows  that  the  pigment  produced  by  Penicillin  on  filter 
paper  has  three  bands  at  about  370 :  4  25  and  510  nm ,  of  which  on¬ 
ly  the  last  two  appear  on  the  mould  produced  in  sabourard,  v-hile 
the  mould  developed  in  Terreno  R  or  filter  paper  shows  an  absorp¬ 
tion  rising  towards  the  U.V.  witrout  structure. 

In  figure* 3  the  pigment  left  by  Fusarium  on  filter  paper,  an  in¬ 
tense  red  colour  has  absorption  maximum  at  about  525  nm  with  2 
small  bands  at  360  and  385  nm.  However  in  the  mould  produced  by 
Fusarium,  the  absorption  risesc  towards  the  U.V.  (the  same  as  .pe¬ 
nicillin  and  Cladosporium) ,  and  reduces  the  red  band  of  the  pig¬ 
ment  to  a  simple  shoulder  in  the  curve  at  about  500  nm. 

In  Figure  4  the  spectrum  of  the  pigment  produced  by  Cladosp-crium 
on  filter  paper,  less  intense  than  the  previous  two,  presents  two 
bands  at  370  and  4  30  nm  with  a  wide  shoulder  at  about  600  n.. . 

The  mould  however  has  a  spectrum  without  structure  rising  towards 

the  U.V. 

Overall,  comparing  figures  2,  3  and  4  with  Figure  1,  one  can  see 
that  the  spectra  of  the  pigments  produced  by  the  fungus  on  the 
paper  are  particularly  indicative,  much  more  than  the  spectra  of 

the  mould  itself. 

The  three  absorption  bands  of  the  niaraents  naturally  produced  m 
paper  (360-380,  420-450,  510-550  nm)  coincide  fairly  well  with 
the  absorption  bands  of  the  pigments  produced  by  the  microorgams 
chosen  according  to  the  roseare  of  icn-lc. 


To  extend  the  comparison  with  the  pigments  taken  from  books,  the 
spectra  of  the  pigments  developed,  or  coloured  paper,  and  subjected 
to  the  action  of  Penicillin  and  Fusarium  as  described  above  in 
section  C  were  studied. 

Figures  5,  6,  7  and  8  show  the  spectra  of  pigments  developed 
on  paper  coloured  with  water  paint,  pastels,  chalk  and  pencil, 
chosen  from  about  300  spectra  taken  under  various  conditions . In 
each  diagram  the  spectra  of  the  original  colour  is  shown  together 
with  the  spectra  after  the  action  of  the  fungus.  From  those,  and 
all  of  the  other  spectra,  not  shown  here,  several  conclusions  may 

be  drawn. 

The  pigments  due  to  Penicillin  cannot  easily  mask  the  original 
colour  (in  Figure  5  it  is  easy  to  see  the  structure  of  the  water 
paint  superimposed  on  the  pigment  band  due  to  the  Penicillin) , 
whil^the  Fusarium  produces  a  red  pigment,  so  intense  as  to  cover 
completely  the  original  colour. 

In  the  cases  in  which  the  original  colcur  does  not  have  any  clear 
bands,  or  whose  spectrum  is  absolutely  flat  (Figures  7  and  8), 
the  bands  due  to  the  fungus  show  up  clearly:  for  Penicillin  at 
350-360 ,  420-450  nm  (usually  the  most  intense)  and  500-550  (often 
as  a  shoulder);  for  Fusarium  a  very  intense  band  at  520-550  nm 
and  two  others  rather  weaker  at  about  360  and  400  nm,  often  only 
as  inflections. 

One  may  note  the  coincidence  of  these  bands  with  those  of  the  pig¬ 
ments  on  filter  paper  (figures  2  and  3)  and  with  those  naturally 
occurring  pigments  (figure  1).  The  tables  collect  together  the 
data  obtained. 


From  the  hundreds  of  spectra  obtained  one  can  see 
differences  due  tc  the  nature  of  the  colouring  materials  used 
(waterpaint ,  chalk,  pastels,  pencil,  charcoal,  etc.),  to  the  ty¬ 
pe  of  paper  used,  or  to  the  type  of  culture  medium  of  the  micro¬ 
organisms  (Terreno  R  or  filter  Paper).  No  effect  has  been  notice 
when  the  culture  was  developed  ir  the  dark  rather  than  in  the 
light . 

In  conclusion,  one  may  state  that  spectroscopic  analysis  can 
identify  the  fungus  responsible  for  the  pigmentation  and  rein 
both  in  the  restauration  and  in  the  conservation  of  works  of  -ra 

phic  art. 

Using  the  new  accessory  for  studying  reflected  light  from  commie 
tely  opaque  samples  a  more  profound  quantitative  analysis  can 
furnish  more  precise  data  on  the  destruction  of  paperwork  by 
fungus . 
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SOBRE  ALGUNOS  PROBLEMAS  PLANTEADOS  EN  LA  RESTAURA¬ 
CION  Y  CONSERVACION  DE  LIBROS  Y  DOCUMENTOS. 


Ante  todo,  agradezco  la  amabilidad  de  Mdme.  Flieder  - 
que  nos  ha  permitido  disponer  de  este  breve  tiempo  para  presentar  - 
algunos  trabajos  que  actualmente  estamos  investigando  en  nuestros  — 
laboratorios. 

Por  otra  parte,  ruego  disculpen  la  precipitación  y  densi. 
dad  de  los  temas  a  tratar  pero,  desgraciadamente,  una  deficiencia  - 
de  información  nos  ha  impedido  aportar  a  este  Songreso  otros  traba, 
jos  con  mejor  documentación  y  mayor  profundidad  científica. 

Sin  embargo,  nuestro  espíritu  de  cooperación  nos  obliga 
a  presentar  algunas  de  las  inquietudes  que  existen  sobre  este  campo 
y  los  resultados  que  hemos  obtenido.  Fruto  de  los  trabajos  es  esta  — 
breve  síntesis  que  exponemos  a  continuación. 

a)  Laminación  con  polietileno:  problema  de  su  reversibilidad 

No  es  nuestra  intención  detenernos  a  comentar  las  venta, 
jas  o  i  neo  v  eni  entes  del  uso  de  acetato  de  celulosa  y  de  polietileno.  — 
En  estos  momentos  es  ya  un  hecho  la  utilización  del  polietileno  con  - 
resultados  altamente  satisfactorios. 

Sin  embargo,  hace  aproximadamente  un  año  y  en  una  de 
estas  reuniones  ci  entíficas  se  suscitó  el  problema  de  su  reversibili¬ 
dad.  En  aquel  momento  se  ignoraba  el  mótodo  de  eliminarlo,  una  vez 
aplicado  sobre  el  documento  y  se  esperaba  que  la  ciencia  aportaría, 
en  un  futuro,  el  disolvente  apropiado. 

Por  entonces,  en  nuestros  laboratorios  se  utilizaba  el  - 
acetato  de  celulosa  y  nos  resistíamos  a  aceptar  el  polietileno  preci¬ 
samente  por  esta  causa  -el  problema  de  su  eliminación—  que  sin  solu 
cionarlo  se  quebranta  uno  de  los  principales  criterios  de  restauración: 
»«todo  producto  o  materia  empleado  en  restauración  debe  ser  reversi¬ 


ble»«.. 


No  obstante  el  polietileno  ofrecía  unos  óptimos  resulta¬ 
dos  y  no  podía  despreciarse  como  sistema  de  laminación. 

Con  esta  problemática  iniciamos  estudios  sobre  esta  ma 
teria:  proceso  de  fabricación,  características  fisico-qufmicas,  bio¬ 
lógicas,  etc.  y  el  resultado  fuó,  a  nuestro  entender,  positivo. 

Así  pues,  supimos  que  el  polietileno  es; 

-Resina  termoplóstica  derivada  del  etileno  tratado  por  calor 
entre  1002  C  y  2002  C  y  a  una  presión  de  1.000  a  1.500  at — 
mósferas. 

-Arde  en  llama  continua. 

-Tiene  fácil  ignición  (es  decir:  inflamable) . 

-Forma  gotas  en  su  combustión. 

-Sus  vapores  tienen  reacción  neutra  y  olor  semejante  al  de 
la  par  afína. 

-Llama  luminosa  y  azul  en  el  centro. 

-Densidad  de  0,89  a  0,98  gramos  mililitro. 

—Fusión  entre  1102  C  y  1752  C. 

-Indice  de  refracción  entre  1,51  y  1,54. 

-Resistencia  a  la  tracción  entre  80  y  200  Kg/cm^. 

-Resistencia  a  la  rotura  por  alargamiento  entre  200  y  750  %  . 

-Resistencia  a  la  flexión  entre  100-120  kg/cm^. 

-etc,  etc. ,  •  • .  •  •  y,  hasta  el  momento,  no  digerible  por  los 
insectos  • 

En  nuestro  proceso  de  laminación  se  aplica  una  tempera 
tura  de  1152C  y  durante  30  a  35  segundos. 

Dos  procesos  hemos  seguido  en  los  estudios  de  su  rever 

sibil  idad: 

12  con  benceno 

22  mezcla  de  xileno  y  tolueno  al  50  % 

Ambos  procesos  —debemos  advertirlo—  deben  realizarse 
por  personal  especializado  y  con  las  debidas  medidas  de  seguridad  y 
prudencia,  especialmente  con  el  empleo  del  benceno,  pues  sabido  es 
su  alto  poder  tóxico  y  su  punto  de  ebullición  (802C).  No  obstante,  tq_ 


mando  las  precauciones  necesarias,  la  eliminación  del  polietileno  es 
sencilla  y  no  debe  de  implicar  riesgo  alguno,  como  a  continuación  d<3 
tallamos: 

12)  Todo  el  proceso  debe  de  realizarse  en  una  cámara  extrae 
tora  de  gases* 

22)  Colocar  una  cubeta  con  el  disolvente  (benceno  o  xileno  y 
tolueno),  sobre  una  placa  eléctrica.  Nunca  sobre  llama* 

32)  Introducir  el  documento  laminado  sobre  una  hoja  de  teflón. 

48>  Elevar  la  temperatura  de  la  placa  eléctrica  hasta  alcanzar 
802C  si.  se  utiliza  benceno  y  1252C  si  se  emplea  xileno  y 
tolueno.  (En  ambos  casos  la  temperatura  indicada  es  el  - 
punto  de  ebullición)  • 

52)  Mantener  brevemente  esta  temperatura  (unos  segundos)  - 
hasta  observar  el  desprendimiento  del  papel  tissue.  La  — 
operación  se  puede  favorecer  con  ayuda  de  pinzas,  espá¬ 
tulas  y  pincel. 

62)  Una  vez  eliminado  el  papel  tissue  se  puede  eliminar  el  ex 
ceso  de  polietileno  con  ayuda  de  pincel  y  espátula. 

79)  Si  una  vez  extraido  el  documento  del  baño  se  aprecian  - 
restos  de  polietileno  en  forma  de  veladura  blanquecina,  - 
se  puede  quitar  con  un  simple  algodón  seco  o  ligeramente 
humedecido  con  el  mismo  disolvente  de  la  cubeta* 

82)  Una  vez  volatizado  el  disolvente  queda  algo  rígido  el  do  cu 
mentó*  Entonces  debe  humedecerse,  colocándolo,  final — 
mente,  en  la  prensa  hasta  su  tota!  desecación  y  planchado. 

Insisto  en  los  riesgos  de  toxicidad  o  de  inflamación  pero 
debo  hacer  constar  que  en  ninguna  de  nuestras  experiencias  ha  ocurrí 
do  accidente  alguno. 

b)  Laminación  en  seco. 

Se  entiende  por  laminación  en  seco,  la  no  utilización  de 
ningún  elemento  que  proporcione  calor  o  humedad.  En  el  método  que 
proponemos  se  trata  simplemente  de  la  aplicación  de  una  película  - 
auto  adhe si  va  sobre  el  documento  a  laminar.  Este  método  viene  a  re_ 


solver  el  problema  de  aquellos  documentos  que  no  permiten  la  lami¬ 
nación  por  calor-presión  o  la  laminación  con  adhesivos  acuosos. 

En  el  mercado  existen,  ciertamente,  diferentes  pelícu¬ 
las  autoadhesivas .  Algunas  de  ellas  totalmente  rechazables  por  los 
efectos  secundarios,  nocivo s  al  documento  sobre  el  que  se  aplican.  - 
Otras,  que  no  pueden  introducirse  en  el  campo  de  la  laminación  por¬ 
que  no  permiten  obtener,  por  xerocopia,  reproducciones  del  documen 
to  laminado. 

Estudiado  el  comportamiento  de  estas  cintas  au  to  adhesi¬ 
vas  que  se  venden  en  el  mercado,  observamos  que  existe  una  de  ellas 
que  casi  podemos  decir  que  se  ajusta  a  las  condiciones  ideales.  Esta  . 
cinta,  a  la  que  no  tengo  otro  remedio  que  citar  por  su  nombre  comer 
cial,  es  la  H Scotch  Magic1*  de  la  firma  M  nnesota. 

Puestos  al  habla  con  su  Delegación  en  Madrid  y  aunque  — 
no  supieron  damos  una  documentación  precisa  sobre  sus  componentes 
se  prestaron  a  facilitar  el  material  necesario  para  nuestros  estudios. 
Resultado:  diacetato  de  celulosa  como  elemento  soporte  y  derivado  de 
polivinilo  el  adhesivo. 

La  casa  comercial  se  prestó  también  a  proporcionarnos 
tres  modelos  diferentes,  con  la  particularidad  de  no  estar  cortado  en 
cintas  sino  en  rollos  de  1  metro  de  ancho. 

Con  láminas  de  dimensiones  variables  experimentamos 
sobre  diversos  documentos,  especialmente  sobre  periódicos.  El  re¬ 
sultado  es  satisfactorio,  teniendo  que  resaltar  su  alta  trasparencia  y 
buen  comportamiento  ante  diferentes  ensayos  de  resistencia  mecáni¬ 
ca. 

El  único  problema  se  plantea  en  el  momento  de  su  aplica 
ción  sobre  el  documento  por  su  propiedad  electro  estática.  Dificultad 
que  puede  reducirse  humedeciendo  el  documento  en  acetona,  o  mejor 
aún,  colocando  el  documento  en  una  rejilla  a  la  que  se  ha  aplicado  un 
sistema  de  aspiración  de  aire. 

Una  vez  superpuesta  la  lámina  autoadhesiva  debe  pasar- 


se  un  rodillo  para  eliminar  las  posibles  burbujas. 

Su  reversibilidad  es  sencilla.  El  disolvente  del  acetato 

4 

es  acetona  sola  o  con  acetato  de  amilo.  Para  el  adhesivo  puede  em¬ 
plearse  el  éter  como  elemento  disolvente. 

c)  resinas  del  polyester:  Base  del  papel  de  un  inmediato  futu¬ 

ra* 

Actualmente,  una  de  nuestras  mayores  inquietudes,  sur 
gida  al  calor  de  nuestra  convivencia  con  Mr.  Barrow,  es  la  perma¬ 
nencia  y  durabilidad  del  papel,  (entiendo  por  permanencia  la  reten¬ 
ción  de  las  propiedades  de  uso  significativo  y  funcional  y  por  durabi, 
lidad  el  factor  que  representa  el  mantenimiento  de  la  calidad) . 

Conscientes  de  la  responsabilidad  que  supone  la  poster¬ 
gación  del  documento  escrito  y  la  fragilidad  de  los  papeles  actuales, 
algunos  investigadores  han  aportado  sustanciales  variantes  en  la  fa¬ 
bricación,  llegando  a  garantizar  un  papel,  con  una  permanencia  y  du 
rabilidad  de  100  años.  Sin  embargo,  aunque  estas  aportaciones  son 
altamente  positivas,  únicamente,  deben  significar  un  leve  respiro  - 
en  el  esfuerzo  por  lograr  un  tipo  de  soportes  más  estables  que  no  - 
modifiquen  la  funcionabilidad  del  papel  actual. 

Nadie  mejor  que  archiveros  y  bibliotecarios  saben  de  - 
las  dificultades  para  que  el  material  bibliográfico  y  documental  de 
hoy  puedan  ser  utilizado  a  partir  de  unas  pocas  generaciones. 

Es  lamentable  tener  que  admitir  que,  a  pesar  de  los  - 
avances  técnicos,  la  exigencia  de  una  mayor  producción  papelera  - 
es  la  principal  causa  de  que  un  papel  recien  manufacturado,  posea, 
entre  sus  características,  una  durabilidad  menor  que  el  papel  del  - 
siglo  XV,  obtenido  de  forma  artesano  y  con  precarios  medios.  No 
es  nada  arriesgado  asegurar ,  que,  dentro  de  tan  solo  cien  años,  un 
documento  medieval  podrá  seguir  siendo  consultado  con  casi  idént^ 
cas  precauciones  que  las  actuales,  mientras  que  el  papel  de  nues¬ 
tros  días,  difícilmente  habrá  podido  superar  este  tiempo. 

Ea  introducción  de  los  plásticos  en  el  campo  de  la  con_ 


servación  y  restauración,  en  general,  ha  supuesto  el  hallazago  de  una 
materia  altamente  satisfactoria,  tanto  por  su  facilidad  de  aplicación 
como  por  los  resultados  obtenidos.  En  los  materiales  de  archivo  y  bi¬ 
blioteca  se  emplean  las  resinas  plásticas,  tanto  para  fijar  sustancias 
solubles  como  en  consolidación,  encuademación  •  »  • .  y  especialmente 
en  laminación. 

F-l  que  estas  materias  se  usen  actualmente  con  tanta  interi 
sidad  y  en  escala  progresiva  es,  sin  lugar  a  dudas,  el  mejor  aval  para 
su  mejor  aceptación,  no  como  elemento  de  aplicación  11  a  posteriori’*  - 
sino  para  su  empleo i'a  priori”.  Es  decir,  en  la  propia  industria  pape_ 
lera. 

La  aparición  en  el  mercado  de  algunos  papeles  de  dibujo 
obtenidos  a  base  de  resinas  de  poliester,  su  fabricación  industriali¬ 
zada  en  Finlandia,  la  edición  en  Japón  de  un  libro  de  papel  sintético, 
son  en  mi  opinión,  la  esperanzadora  realidad  de  un  tipo  de  soporte 
para  la  escritura,  cuyas  ventajas  superen  los  inconvenientes  indus — 
tri  ales,  comerciales  y  funcionales. 

Las  dificultades  que  pueden  entrañar  el  cambio  de  mate¬ 
rias  se  asemejan  a  las  que  fueron  superadas  cuando  el  pergamino  ce 
su  prioridad  al  papel  nde  tina11  y  raés  tarde,  a  las  transfor m aci o. 
nes  que  los  molinos  papeleros  tuvieron  que  admitir  hasta  convertirse 
en  fabricas  de  papel  ’‘continuo’*  • 

Costes  de  fabricación,  adiestramiento  de  personal,  intro 
ducción  en  el  mercado  etc. ,  forman  parte  de  un  interesante  capítulo 
que  en  nuestro  caso  no  despreciamos  pero  que  rebasa  esta  primera  - 
intención  centrada,  exclusivamente,  en  la  búsqueda  de  un  tipo  de  so¬ 
porte  para  la  esdhKura  que  supere  las  cualidades  actuales. 

El  déficit  de  la  madera  es  cada  día  mayor  y  por  el  con¬ 
trario  la  generalización  de  las  materias  plásticas  permite  intuir  pre 
ci  os  competitivos,  máxime  si  tenemos  presente  la  cualidad  de  poder 
reutilizar  cierto  tipo  de  resinas. 

Entre  lets  principales  características  de  las  resinas  de 
pblyester,  aplicables  a  la  industria  papelera  destacamos: 


-Aspecto  físico  muy  parecido  al  papel  (tacto,  color,  opaci¬ 
dad,  brillo,  etc.) 

-Excelente  comportamiento  al  uso  continuo. 

-Posibilidad  de  utilizar  la  mayoría  de  ios  medios  más  comu 
nes  de  escritura  (lápiz,  bolígrafo,  cinta  de  máquina.  •  •) 

-Elevada  resistencia  mecánica.  En  las  pruebas  de  torsi 6n, 
tracción,  plegado,  estallido,  etc.,  hadado  incluso  un  100% 
de  mayor  rendimiento. 

-Buena  resistencia  química.  Hidrófugo. 

—Alta  resistencia  a  los  ataques  biológicos. 

A  pesar  de  disponer  de  datos  más  concretos  es  todavía 
prematuro  hacer  otras  afirmaciones.  Actualmente  estamos  realizan 
do  en  nuestros  laboratorios  estudios  encaminados  a  investigar  esta 
materia  con  el  fin  de  aportar  datos  que  permitan  mejorar  la  calidad 
de  este  papel  sintético.  Entre  sus  características  negativas  debemos 
citar: 

—Reducido  poder  de  absorción,  impidiendo  la  retención  de  algu 
ñas  tintas  actuales,  salvo  el  empleo  de  fijativos  o  el  uso  de 
tintas  especiales  que  ya  existen  en  el  mercado  (tinta  china  - 
TT,  Pelikan). 

—El  problema  que  plantea  su  resistencia  a  la  destrucción,  sal 
vo  el  empleo  de  sustancias  químicas  o  de  combustión,  supg_ 
ni  endo  que  no  se  hayan  incluido  elementos  ignífugos  en  su  ma 
nufactura. 

Es  de  comprender  que  nuestaa  inteción  no  es  masificar  — 
el  papel  sintético  sino  el  de  reducirlo,  de  momento,  al  uso  de  cuanto 
material  bibliográfico  y  documental  sea  merecedor  de  ser  conserva¬ 
do  y  también  en  los  casos  de  la  reproducción  de  documentos  más  fra 
giles. 

Convencidos  de  esta  necesidad  hemos  establecido  un  pro 
grama  de  investigación  en  el  que  cooperan,  indistintamente,  exper — 
tos  en  la  industria  papelera  y  en  el  campo  de  los  plásticos.  Agrade¬ 
ciendo  cualquier  colaboración  o  sugerencia. 


Toda  esta  comumcaci6n,  solo  ha  pretendido  dar  a  cono- 
eer  algunas  de  las  inquietudes  y  esfuerzos  planteados  en  el  recien  - 
creado  Servicio  Nacional  de  Restauración  de  Libros  y  Documentos, 
de  Madrid. 


Vicente  Viñas 

Jefe  del  Gabinete  Técnico. 
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Madrid,  October  1972 
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INTRODUCTION 


The  general  problems  associated  with  the  treatment  of 
degraded  wood  from  water  environments,  and  reviews  of  progress 
in  this  field,  have  been  the  subject  of  previous  detailed 
reports  to  ICON  committees  (Muhlethaler  1963,  1965, 

Tomashevich  1965) .  In  addition  there  have  been  recent 
publications  in  which  various  treatments  are  reviewed  and 
suggestions  for  modification,  improvement,  and  new  techniques 
are  suggested  (Stamm  1970,  Christensen  1970, 

The  purpose  of  this  paper  will  be  to  set  out  some 
details  of  the  application  of  freeze-drying  in  the  treatment 
of  swamp-degraded  hardwood  artefacts.  Our  choice  of  freeze 
drying,  initially  on  an  experimental  scale,  was  prompted  by 
the  impression  that  the  massive  bulking  procedures,  such  as 
those  with  hot  alum  solutions  or  heavy  molecular  weight 
polyethylene  glycols,  were  often  producing  unsatisfactory 
results.  It  was  also  evident  that  though  the  various  solution 
exchange  methods,  such  as  alcohol-ether-resin,  were 
satisfactory  on  a  small  scale,  they  could  not  be  applied 
safely  or  economically  for  large  quantities  of  wood.  We  were 
also  hesitant  about  the  use  of  water  displacement  by  resins 
which  were  later  to  have  in  situ  polymerisation. 

Though  in  no  way  comparable  in  size  or  quantity  with  the 
many  tons  of  timber  recovered  as  sunken  ships  in  European 
sites,  the  amount  of  archaeologically  recovered  wood  to  be 
treated  from  sites  in  the  highlands  of  Papua  New  Guinea  was 
sufficient  to  warrant  a  search  for  a  more  ideal  drying 
treatment. 

The  problems  associated  with  the  heavier- molecular 
weight  grades  of  polyethylene  glycol,  i.e.  their  inability 
to  diffuse  into  some  timber  (Tarkow  et  aZ.  1966),  and  the 
loss  of  fine  surface  texture  or  detail  in  wood  soaked  for 
months  in  their  hot  solutions,  all  argued  against  the  adoption 
of  the  total  bulking  method  with  polyethylene  glycol. 
Christensen  (1970)  has  fully  set  out  the  experimental  evidence 
which  demonstrates  these  difficulties. 
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Stamm  (1970)  has  found  it  possible  to  stabilise  degraded 
v/ood  by  simply  applying  coatings  of  polyethylene  glycol  1000 
in  increasing  concentrations  up  to  a  30%  solution  and  then 
gradually  drying  the  specimen  in  decreasing  humidity  from  90% 
RK  down  to  30%  RH.  Figure  1  shows  the  amount  of  polyethylene 
glycol  which  would  remain  in  the  sample  after  drying  wood 
degraded  to  various  degrees  and  saturated  with  different 
concentrations  of  polyethylene  glycol  in  water. 

Most  of  the  Papua  Nev;  Guinea  swamp  wood  has  lost  between 

50%  to  80%  of  its  weight  on  drying,  while  a  few  pieces  have 

lost  85%  of  their  initial  wet  weight.  A  30%  aqueous  solution 

of  polyethylene  glycol  in  this  wood,  as  suggested  by  Stamm, 

vTould  represent  a  final  dry  concentration  of  polyethylene 

/ 

glycg,!  ranging  between  45%  to  170%  of  the  weight  of  wood 
suDStance  in  the  sample.  At  these. concentrations  the  effect 
of  a  30%  solution  will  be  that  of  a  bulking  agent,  though  not 
comparable  to  the  total  bulking  of  a  100%  solution.. 

The  amount  of  bulking  agent  present  in  the  treated  sample 
is  proportional  to  the  wood's  accessible  voids  which  will 
progressively  increase  as  degradation  proceeds.  If  the 
bulking  agent  is  a  relatively  hygroscopic  lower  molecular 
weight  polyethylene  glycol,  there  will  be  problems  in  storing 
the  treated  object  in  a  humidity  sufficiently  low  to  avoid 
weeping  of  the  bulking  agent  which  has  the  unfortunate  effect 
of  producing  a  dark  moist  colour  in  the  treated  samples.  We 
have  tried  to  avoid  these  two  effects  by  reducing  the  soaking 
solution  to  10%  for  a  degraded  test  sample  and  allowing  it 
to  dry  slowly  in  air.  The  results  were  not  satisfactory  since 
the  wood  suffered  distortion  and  shrinkage  cracks. 

In  any  bulking  system  the  agent  itself  must  be  stable 
under  normal  museum  storage  conditions.  If  low  humidity 
storage  is  available  (less  than  40%  RH)  then  bulking  with 
polyethylene  glycol  1000  would  achieve  stabilisation  in  the 
timber.  For  large  scale  operations  on  wood  which  has  not 
suffered  extreme  degradation,  such  as  the  stabilisation  of  the 
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gg  wooden  ship  Vssa.,  ther  g  is  prob  ab  ly  no  better  alternat  ívg 
than  the  present  treatment  with  solutions  of  polyethylene 
glycol  1000. 

Where  the  objects  are  more  wieldy,  or  are  more  degraded 
methods  other  than  massive  bulking  may  commend  themselves 
and  research  in  this  direction  is  desirable. 

Our  experimentation  with  freeze-drying  of  the  Papua  New 
Guinea  swamp  wood  collection  was  prompted  by  a  wish  to  avoid 
the  heavy  bulking  which  had  become  almost  standard  practice  in 
conservation  laboratories  up  to  recent  times.  The  Papua  New 
Guinea  collection  is  to  be  returned  to  the  humid  tropical 
conditions  of  Port  Moresby,  where  low  humidity  storage  is 
yet  to  be  established  in  the  Museum  storage  areas..  Our  success 
in  applying  freeze-drying  to  the  collection  encourages  us  to 
continue  the  refinement  of  the  process  in  anticipation  of  a 
much  larger  collection  being  recovered  and  requiring  treatment 
later  this  year.  One  major  advantage  of  this  non-bulking 
freeze— dry ing  system  is  the  wider  range  of  storage  humidities 
that  can  be  tolerated  by  the  treated  wood. 

Freeze-drying  (Lyophilisation) 

The  fundamental  aspects  of  freeze  drying  have  been 
outlined  by  Rey  and  Rowe  (1964).  The  main  conditions 
required  for  freeze-drying  to  occur  are  fairly  simple. 

.  Firstly  the  water  vapour  pressure  above  the  ice  surface  must 
have  a  steep  negative  gradient  so  that  randomly  escaping 
water  molecules  tend  to  be  removed  from  the  ice  face.  This 
is  usually  achieved  through  lowering  the  total  atmospheric 
pressure  above  the  ice  to  a  vacuum  of  1  torr  or  less.  It  is 
also  possible  to  create  the  water  vapour^gradient  at 
atmospheric  pressure  by  using  air,  dried  to  a  very  low  water 
vapour  pressure  and  circulated  across  the  subliming  ice. 

The  second  main  requirement  is  for  heat  to  be  conveyed  to  the 
ice  surface  to  replace  the  latent  heat  ot  sublimation  which 
is  lost  in  converting  the  solid  ice  to  vapour.  The  latent 
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heat  of  sublimation  is  equal  to  the  heat  that  would  be 
necessary  to  melt  the  solid  ice  and  convert  the  liquid  into 
its  vapour  phase  (Rowe  1964:142).  The  manner  in  which  these 
requirements  are  met  in  large  scale  commercial  plants, 
processing  many  tons  of  foodstuffs  a  day,  is  largely  an 

engineering  problem.  Nevertheless,  the  feasibility  of  using 

»« 

freeze-drying  for  large  scale  processing  of  sound  but 
perishable  materials  has  been  proven  over  many  years. 

Degraded  wood  is  in  a  rather  special  category  since, 
unlike  for  example  foodstuffs  or  animal  tissue,  to  a  certain 
extent  only  a  remnant  of  the  original  structure  is  present. 

The  water  in  the  wood  sample  is  in  fact  serving  two  roles; 
firstly  as  a  false  structural  component  by  virtue  of  its 
bulking  action  ,  and  secondly  in  a  weak  chemical  fashion  by 
neutralising  the  hydrolised,  and  depolymerised,  cellulose 
components.  The  direct  removal  of  water  has  the  familiar 
but  alarming  effect  of  destroying  the  wood  sample  with 
shrinkage  and  distortion.  The  high  surface  tension  of  water 
is  capable  of  overwhelming  the  relaxed  structure  of  degraded 
wood  and  is  mainly  responsible  for  the  drying  damage. 

However,  if  it  was  simply  a  problem  of  removing  the 
water  without  it  being  able  to  exert  its  surface  tension 
force  within  the  wood  sample,  then  its  removal  by  sublimation 
from  its  ice  phase  should  be  the  simplest  and  most  effective 
method.  Results  of  direct  freeze  drying  have  not  proved 
satisfactory  and  checking  or  splitting  of  dried  samples  is 
the  usual  problem.  Physical  rupture  of  degraded  wood  occurs 
when  freezing  of  water-saturated  samples  is  attempted  and 
before  any  sublimation  of  the  ice  has  begun.  Even  when  ice 
rupture  is  avoided,  by  using  intermediate  tertiary  butanol 
as  the  sublimating  agent,  checking  and  splitting  of  the  dried 
sample  occurs  (Rosenqvist  1959:65).  This  is  probably  due  to 
the  weakly  bonded  water  within  the  sample.  Removing  the  bulk 
water  by  normal  sublimation  of  ice  does  not  remove  the  absorbed 
water  on  the  enormous  surface  area  of  the  sample  (Ray  1964î38). 
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The  high  affinity  for  moisfure  of  wood  treated  by  tertiary 
butanol  sublimation,  ensures  that  atmospheric  moisture  will 
be  very  quickly  absorbed  when  the  object  is  removed  from  the 
vacuum. 

As  wood  components  hydrolise,  and  it  degrades,  the 
water  which  is  present  at  saturation  level  is  able  to 
neutralise  any  potential  random  weak  bonding  between  the 
increasing  number  of  terminal  polar  groups  in  the  sample. 

The  degraded  cellulose  is  not  free  to  reorientate  itself  into 
a  different  structural  configuration,  for  the  presence  of 
water  at  saturation  level  can  satisfy  any  hydroxyl  ends  which 
might  otherwise  combine  in  drying  conditions.  Sound  wood 
which  has  been  allowed  to  dry  does  not  regain  its  former 
volume  when  its  former  moisture  conditions  are  reestablished 
(~tamm  1944:454).  Similarly,  the  failure  of  degraded  wood  to 
swell,  once  having  dried  out  is  possibly  also  partly  due  to  an 
hysterisis  effect  caused  by  the  bonding  of  pairs  of  cellulose 
hydroxyls  which,  on  being  drawn  together  on  drying,  are  not 
available  as  adsorption  sites  when  moisture  is  reintroduced 
to  the  sample.  As  degradation  proceeds  the  voids  will 
increase  and  only  be  prevented  from  collapsing  inwards  by 
the  presence  of  water.  Freeze  drying  of.  such  a  sample  may 
prevent  the  major  collapse  of  voids  but  the  presence  of 
broken  cellulose  links  with  terminal  hydroxyl  groups  may,  in 
the  presence  of  small  amounts  of  moisture,  tend  to  draw 
together  and  shrink  the  sample. 

Therefore  it  appears  that  though  the  great  bulk  of  water 
can  be  removed  successfully  by  sublimation  from  a  degraded 
sample,  the  presence  of  bound  surface  water  will  produce 
noticeable  damage.  This  damage  will  not  be  of  the  familiar 
type,  when  water  is  simply  evaporated  from  a  sample,  and 
which  produces  a  predominantly  radial  shrinkage.  The  damage 
will  appear  as  a  more  random  pattern  of  shrinkage  cracks 
caused  by  the  more  equalised  contraction  of  internal  surface 
areas  effected  by  bound  water. 


6. 


The  presence  of  a  non-evaporating  material  which  can 
mix  with  the  bound  surface  water  and  neutralise  its 
contracting  effect  on  the  sample,  would  help  to  avoid  post¬ 
drying  shrinkage.  Liquid  grades  of  polyethylene  glycol  can 
achievê  this  effect.  Polyethylene  glycols’  terminal  hydroxyl 
groups  can  form  weak  bonds  with  water  or  hydrolised  cellulose 
and  so  counter  the  tensional  collapse  of  the  degraded  wood 
components  when  free  water  is  removed  by  sublimation. 

Adjacent  hydrolised  units  of  the  cellulose  are  probably 
neutralised  by  the  polyethylene  glycol  at  low  concentrations. 

Polyethylene  glycol  400  (Union  Carbide,  Carbowax  400) 
has  a  vapour  pressure  at  100°C  of  9.0  x  10  5  mm  Hg.  If  a 
solution  of  polyethylene  glycol  400  and  water  is  frozen  and 
suitable  conditions  are  created  for  the  sublimation  of  ice, 
the  polyethylene  glycol  will  remain  while  the  ice  will  be 
preferentially  removed.  A  10%  solution  of  polyethylene 
glycol  in  water  has  a  freezing  point  of  about  -1°CV  Undiluted 
polyethylene  glycol  400  freezes  at  between  4  and  8°C. 

Therefore  an  object  saturated  with  a  10%  solution  at  the 
beginning  of  sublimation  would  yield  water  vapour  while  the 
polyethylene  glycol  remains  as  a  porous  waxy  support  for  the 
drying  structure  until  a  temperature  above  4°C  is  reached. 

Above  this  temperature  the  polyethylene  glycol  would  presumably 
migrate  as  a  liquid  until  it  had  reached  a  conctentration 
equilibrium  by  diffusion  in  the  sample.  On  freezing  a  10% 
solution  of  polyethylene  glycol  400  yields  a  mass  of  small 
crystals.  The  expansion  of  ice  is  reduced  by  the  shrinking 
of  the  polyethylene  glycol.  A  simple  test  by  freezing  a  10% 
solution  of  polyethylene  glycol  400  in  a  paper  cup  shows  that 
no  damage  to  the  vessel  occurs  on  freezing.  Water  frozen 
in  the  same  way  ruptures  the  paper  cup.  "Vln  tests  on  the 
swamp  woods  the  same  reduction  in  freeze  damage  is  observed. 

Calculation  of  the  correct  concentration  of  'polyethylene 
glycol  400  to  be  introduced  into  the  sample  is  important. 
Generally  it  appears  that  the  more  degraded  the  sample  the 
less  percentage  of  polyethylene  glycol  is  necessary  per  unit 
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volume  of  water  in  the  undried  specimen.  This  can  be 
appreciated  by  reference  to  Fig.  1  where  the  percentage  weight 
of  polyethylene  glycol  in  a  dried  sample  is  plotted  against 
the  percentage  loss  of  water  from  the  sample  for  various 
initial  concentrations  of  polyethylene  glycol.  In  a  badly 
degraded  sample,  for  example  one  which  loses  more  than  80% 
of  its  wet  weight  on  drying  from  a  solution  of  10% 
polyethylene  glycol,  the  remaining  polyethyle'ne  glycol  will 
account  for  about  45%  or  more  of  the  sample's  dry  weight. 

Because  of  its  fluidity,  and  hygroscopicity  in  high  humidities, 
any  excess  of  polyethylene  400  in  the  sample  greater,  than 
that  necessary  to  act  as  bound  surface  water  will  create 
problems  by  making  the  sample  appear  darker  and  damp. 

Conversely,  in  a  sample  wfyich  is  only  moderately  degraded,  for 
example  one  which  loses  only  60%  or  less  of  its  weight  on 
drying  from  a  solution  of  10%  polyethylene  glycol,  the 
remaining  polyethylene  glycol  will  account  for  only  17%  or 
less  of  the  sample's  dry  weight.  This  amount  appears  to  be 
too  small  in  some  cases  and  slight  surface  checking  of  some 
sounder  samples  has  been  noticed. 

Since  either  an  excess  or  a  deficiency  of  polyethylene 
glycol  400  in  a  degraded  sample  can  produce  a  poor  result,  it 
is  necessary  to  have  some  idea  of  the  ratio  of  water  to  wood 
substance  in  the  object  to  be  treated  so  that  the  concentration 
of  the  soaking  solution  can  be  adjusted  accordingly.  In 
practice  a  final  polyethylene  glycol  4C0  concentration  of 
about  20%  in  these  treated  swamp  woods  appears  to  produce 
the  most  satisfactory  results. 

Field  Treatment  of  degraded  swamp  wood 

Immediately  following  its  excavation  the  wood  sampl e?C«f«^ 
washed  to  remove  any  extraneous  matter.  Any  excess  surface 
water  is  allowed  to  dry  off  before  a  50%  solution  of 
polyethylene  glycol  400  is  applied.  The  wood  being  recovered 
from  excavations  in  the  Papua  New  Guinea  highlands  is  in  the 
form  of  digging  sticks  and  long-bladed  spades  up  to  three 
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metres  long.  The  wood,  liberally  coated  with  the  polyethylene 
glycol  solution,  is  inserted  into  long  sleeves  of  polythene 
and  sealed  at  both  ends.  The  polyethylene  glycol  in  the 
package  retards  drying  because  of  its  hygroscopicity  and 
also  limits  the  growth  of  fungus  on  the  wocd.  Provided  the 
polythene  packages  are  well  sealed  the  wood  can  remain  in 
storage  for  two  or  three  months  without  perceptable  drying. 

C14  Samples 

Many  wood  samples  were  previously  collected  for  carbon 
14  dating  during  the  excavation  and  were  returned  to  the 
laboratory  without  polyethylene  glycol  treatment.  The  purpose 
of  this  was  to  guard  against  any  possible  contamination  the 

/  •  i  i. 

polyethylene  glycol  may  h^ve  had  on  the  C1  activity  of  the 
s-miple.  Preliminary  tests  were  carried  out  in  the  radio¬ 
carbon  laboratory  at  the  Australian  National  University  to 
determine  what  effect  the  polyethylene  glycol  may  have  on 
the  radiocarbon  activity  of  the  treated  wood.  The 
polyethylene  glycol  400  we  are  using  does  not  contain  C14 
(ANU-354) .  Therefore,  the  presence  of  polyethylene  glycol 
in  a  wood  sample  might  be  expected  to  increase  the  sample’s 
apparent  age  if  any  remained  fixed  in  the  wood  following  the 
radiocarbon  dating  washing  pre treatment.  A  sample  of  v/ood 
was  divided,  one  half  being  soaked  in  10%  polyethylene  glycol 
400,  the  other  half  being  untreated.  Normal  pretreatment 
washing  procedures  were  carried  out  on  both  samples  before 
their  C14  activity  was  determined.  The  activity  of  the 
polyethylene  glycol  treated  sample  (ANU  427)  is  indistinguishable 
from  the  untreated  sample  (ANU  428).  This  result  confirms 
that  no  difficulty  of  C14  contamination  is  likely  to  be 
encountered  in  using  polyethylene  glycoL  for 'the  field 
treatment  of  all  samples. 

Soaking  in  Polyethylene  glycol  400  solutions 

On  arrival  at  the  laboratory  the  wood,  each  piece  with 
its  identifying  metal  tag,  is  immersed  in  a  5%-12%  solution 
of  polyethylene  glycol  plus  a  small. amount  of  water  soluble 
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sodium  s al icy 1 anilide  tetfahydrate  as  a  fungicide.  As 
mentioned  above,  sounder  wood  requires  a  greater  concentration 
of  polyethylene  glycol  in  the  solution  to  achieve  a  final 
satisfactory  dried  result  than  does  greatly  degraded  wood. 

This  problem  of  the  best  relative  concentrations  requires 
some  investigation  but,  simply  as  a  rough  working  basis,  it 
is  possible  to  categorise  the  condition  of  degraded  wood  in 
terms  of  its  compressive  strength  or,  preferably,  on  the 
water  loss  on  drying  of  small  samples  of  the  larger  specimen. 
The  optimum  solution  concentration  of  polyethylene  glycol 
should  lie  somewhere  between  5%  for  extremely  degraded  wood 
(>75%  weight  loss)  to  8%-10%  for  the  medium  strength  samples 
(60-75%  weight  loss)  to  12%  for  relatively  undegraded  samples 
(<60%  weight  loss).  This  results  in  a  final  concentration 
in  the  dry  wood  of  between  15%  to  25%  which  we  judge  from 
past  results  to  be  the  optimum  range.  Preliminary  tests  * 
have  shown  that  it  is  possible  to  check  the  degrade  in  a  less 
arbitrary  fashion  by  using  photodensitometer  readings  on 
X-radiographs.  Woody  material  is  more  transparent  than  water 
to  X-rays.  By  using  low  kV  X-rays,  (around  10  to  15  kV) ,  the 
difference  between  saturated  sound  wood  and  saturated  degraded 
wood  of  the  same  species  is  apparent.  This  difference,  where 
sound  saturated  wood  is  more  transparent  to  X-rays  than 
degraded  saturated  wood,  is  due  to  the  higher  percentage  of 
water  in  the  degraded  sample.  Though  the  expense  involved 
would  not  warrant  the  use  of  this  technique  on  a  large  scale, 
it  could  be  used  to  give  a  quantitative  basis  to  the  tactile 
compression  tests  on  the  majority  of  samples.  We  intend  to 
examine  this  question  further  when  the  swamp  wood  from  this 
year’s  excavations  has  arrived. 

The  time  the  wood  needs  to  remain  in  its  solution  of 
polyethylene  glycol  is  difficult  to  calculate.  The  rate  Oi. 
polyethylene  glycol  diffusion  in  wood  is  no  doubt  governed  by 
the  normal  diffusion  parameters  of  cohcentration  gradient, 
depth  of  penetration,  density  of  the  wood  and  temperature. 
However  no  simple  method  of  measuring  the  depth  of  penetration 
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in  a  wood  sample  appears  to  be  available.  We  have,  simply  by 
observation  of  experimental  pieces,  adopted  the  practice  of 
soaking  all  the  wood  for  between  six  and  twelve  months, 
depending  on  its  size  and  state  of  degrade.  Soaking  is 
carried  out  at  normal  air  temperature. 

Freezing 

Up  to  seven  kilograms  of  soaked  wood  is  assembled  in  a 
foam  polyurethane  trough  in  a  bed  of  crushed  C02  (-79°C). 

When  the  wood  is  thoroughly  frozen  it  is  tightly  wrapped  in 
a  layer  of  aluminium  foil  which  is  intended  to  distribute 
heat  to  the  object  at  a  later  stage  when  sublimation  has 
begun.  Several  2-3  cm  gashes  are  torn  in  the  foil  to 
facilitate  the  escape  of  vapour  from  the  package  under  vacuum. 

The  solidly  frozen,  aluminium-wrapped  objects  are  loaded 
on  a  copper  tray  which  in  turn  rests  upon  a  copper  heating 
coil  within  the  vacuum  chamber.  A  thermocouple  is  .inserted 
to- the  centre  of  the  largest  diameter  object  in  a  1  mm  hole 
drilled  for  this  purpose.  A  few  drops  of  water  seal  the 
thermocouple  in  place.  Another  thermocouple  is  taped  to  the 
surface  of  the  object.  The  vacuum  chamber  is  closed  and 
pumping  down  commences.  The  thermocouple  temperatures, 
heating  coil  temperature,  vacuum  pressure,  and  cold  trap 
condenser  temperature  are  all  monitored. 

Vacuum  sublimation 

A  record  of  vacuum  and  temperatures  is  kept  for  the 
drying  of  each  chamber  load  of  wood.  A  typical  record  is 
shown  in  Fig.  2.  It  can  be  seen  that  the  pressure  drops 
within  the  chamber  until  the  sublimation  rate  increases  with 
the  increasing  ice  temperature.  When  the- subliming  vapour 
is  being  withdrawn  from  the  chamber  at  the  same  rate  as  it 
is  being  produced  at  the  ice  surface,  an  equilibrium  pressure 
is  achieved  which  appears  as  a  plateau  in  the  chart.  The 
heat  of  the  coil  is  kept  at  about  40°C,  being  controlled  by 


11. 


a  small  pump  and  heating  element  in  a  reservoir  outside  the 
chamber.  Should  the  pressure  rise  above  1.0  torr  the  heating 
coil  temperature  can  be  quickly  lowered. 

By  the  time  the  object  is  placed  in  the  chamber  and 
pumping  has  started,  the  core  temperature  has  risen  to 
about  -60°C  or  more  and  continues  to  rise  slowly. 

Between  the  main  vacuum  pump  and  the  chamber  a 
mechanically  refrigerated  condenser  is  kept  at  between  -40  to 
-45°C.  The  vapour  pressure  of  ice  at  this  temperature  is 
about  .095  torr.  The  minimum  pressure  achieved  in  the 
system  is  .3  torr  so  that  the  condenser  traps  most  of  the 
vapour  passing  over  it.  A  single  stage  gas  ballast  pump 
rated  at  300  litres  per  minute,,  which  can  rapidly  evacuate 
the  chamber  at  the  outset^  ensures  that  no  melting  of  the 
oujects  can  occur  before  a  good  vacuum  is  achieved. 

The  wood  is  considered  to  be  dry  when  the  vacuum 
increases  and  the  core  temperature  rises  above  freezing  point. 
Pumping  is  continued  until  the  core  temperature  reaches  air 
temperature.  This  is  to  ensure  that  moisture  will  not 
condense  on  the  inside  of  the  object  when  air  is  admitted  to 
the  chamber.  It  also  ensures  that  all  pockets  of  ice  are 
sublimed  away  completely.  Otherwise  their  presence  in  the 
sample  would  lead  to  patches  of  moisture  in  the  object  when 
it  is  exposed  to  warm  air. 

The  processing  of  one  load  of  timber  varies  in  time 
according  to  the  surface  area  of  the  load.  Thus  a  multitude 
of  small  items  will  be  dried  in  a  shorter  time  than  a  single 
piece  of  timber  of  equivalent  weight.  Because  the  rate  of 
sublimation  decreases  as  the  thickness  of  the  dried  surface 
shell  increases,  it  becomes  more  difficult  (a),  to  supply 
heat  to  the  subliming  ice  core  because  of  the  insulating 
properties  of  the  dried  shell  and  (b) ,  to  remove  the  vapour 
produced  at  the  core  surface  because  of  the  impeding  effect 
of  the  dry  shell.  Rowe  (1964 i 155)  states  that  the  time  to 
sublime  a  given  thickness  of  frozen  material  varies  according 
to  the  square  of  the  thickness. 
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Modified  systems  . 

Presently  two  modified  systems  to  increase  the 
sublimation  rate  of  the  thicker  wood  samples  are  being 
examined . 

1.  When  the  pressure  inside  the  chamber  is  brought  to 

ordinary  air  pressure,  heat  is  more  readily  conducted 

through  the  dry  shell  to  the  ice  core  of  the  -frozen  object. 

Unfortunately  the  vapour  produced  at  the  surface  cannot 

readily  escape  and  eventually  saturation  water  vapour  pressure 

would  be  reached  and  liquid  water  would  form  at  the  interface. 

However  by  a  cyclic  process  of  raising  and  lowering  the  air 

pressure,  it  is  possible  to  admit  heat  to  the  system  and 

maintain  the  necessary  steep  moisture  gradient  away  from  the 

/ 

ice  surface.  If  the  air.  being  introduced  Into  the  chamber 
during  a  cycle  is  already  fully  dried  to  a  dew  point  below 
that  of  the  ice  surface,  it  will  help  in  maintaining  the 
moisture  gradient  away  from  the  ice. 

2„  Freeze  drying  has  been  achieved  at  atmospheric  pressure 
(Rowe  1964:164).  The  production,  in  recent  years,  of 
reliable  large  capacity  air  drying  equipment  based  on  a 
molecular  sieve  dessicant  makes  It  possible  to  consider  using 
this  for  freeze  drying  our  wood  materials.  The  idea  is  that 
the  sample  would  have  the  same  pretreatment  as  .it  would  for 
vacuum  drying.  The  frozen  object  is  exposed  to  an  atmosphere 
of  flowing  air  dried  to  a  dew  point  of  about  —70  C.  The  air 
readily  heats  the  ice  surface  while  its  very  low  water  vapour 
pressure  (equivalent  to  about  4.7  x  10  ^  torr)  provides  the 
gradient  necessary  to  remove  the  vapour  from  the  drying  shell. 
Whether  the  conditions  for  continued  sublimation  can  be 
achieved  for  relatively  thick  specimens  ^remains  to  be  tested. 
It  will  probably  be  necessary  to  control  the  heat  flow  to 
the  surface  so  that  it  does  not  induce  sublimation  at  a 
faster  rate  than  the  diffusion  of  the  vapour  away  from  the 
surface. 
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Results  so  far 

All  the  wood  from  previous  excavations  has  now  been 
treated  by  vacuum  freeze  drying.  Some  of  the  severely 
degraded  samp3.es  are  too  fragile  to  handle  without  the  loss 
of  fragments  from  the  easily  abraided  surface.  It  will  be 
necessary  to  impregnate  these  samples  with  some  consolidating 
resin  if  they  are  to  be  safe  for  normal  museum  handling. 

Tests  with  low  concentrations  of  Bedacryl  122X  in  toluene  or 
epoxy  resin  thinned  to  a  low  concentration  in  acetone  are 
promising  but  so  far  there  is  no  programme  of  consolidation 
for  the  fragile  samples.  As  mentioned  previously,  the 
polyethylene  glycol  which  remains  in  a  badly  degraded  sample 
is  in  excess  of  the  requirements  of  wood’s  internal  surface 
area  if  the  initial  soaking  concentration  is  too  high.  An 
8%  polyethylene  glycol  soaking  concentration  for  these 
badly  degraded  samples  has  produced  in  the  dry  specimen,  a 
darker  colouring  than  in  less  degraded  samples.  This  is 
probably  because  the  more  than  25%  of  polyethylene  glycol  in 
the  dried  sample  is  greatly  in  excess  of  the  internal  surface 
area  requirements.  One  virtue  of  the  system  is  that  these 
samples  can  be  resoaked  in  lower  concentration  solutions  and 
again  be  processed  through  freeze  drying  to  achieve  a  lower 
final  concentration. 

The  majority  of  wood  has  responded  well  to  the  8A-10A 
soaking  solutions  and  suggests  that  the  optimum  final 
concentrations  of  polyethylene  glycol  400  lies  between  15% 
to  25%  by  weight  of  the  dried  wood. 

The  least  degraded  wood  has  in  some  cases  shown  some 
surface  checking  which  is  probably  caused  by  a  lack  of 
sufficient  polyethylene  glycol  to  preclude  condensed  water 
stresses  in  the  depolymerised  cellulose  structures.  An  8% 
soaking  concentration  would  leave  a  10%  final  concentration 
of  polyethylene  glycol  in  the.  dried  sample  in  cases  of  only 
slightly  degraded  wood.  This  is  probably  too  little  to 
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satisfy  the  internal  surface  area  requirements  of  these 
samples.  A  soaking  concentration  of  polyethylene  glycol 
400  up  to  12%  or  15%  should  overcome  this  difficulty  by 
achieving  a  concentration  in  the  dried  specimen  of  around  20%. 

Unlike  wood  treated  by  total  bulking  methods,  the 

freeze  dried  samples  from  Papua  New  Guinea. do  not  appear  to 

be  discoloured  or  impregnated  with  plastics  materials.  The 

wood  is  light  and  porous  and  the  finest  tooling  marks,  made 

by  stone  axes,  are  well  preserved.  Many  of  the  samples  came 

bo  us  as  adventitious  finds,  as  a  consequence  of  drainage 

operations  in  the  Wahgi  Valley  swamps.  Where  no  field 

treatment  was  given,  and  the  objects  were  allowed  to  partially 

dry  out  before  they  reached  us,'  the  damage  they  suffered  was 

/ 

irreparable.  The  role  of  quick  systematic  field  treatment 
is  crucially  important  for  as  is  well  known,  drying  damage 
in  swamp  degraded  wood  is  quite  irreversible. 

Details  of  Equipment 

*  The  equipment  (fig.  3)  is  basically  the  same  as  that 
previously  reported  (Ambrose  1970)  except  that  an  air  drying 
device  is  now  available  for  a  cyclic  input  of  dried  air,  and 
for  experimental  work  with  air-flow  sublimation. 

A.  The  vacuum  chamber  is  a  welded  steel  cylinder  30  cm.  in  . 
diameter  and  in  two  sections  of  1.5  metres.  The  two 
sections  are  fitted  with  flanges  and  end  plates  1.6  cm 
thick  and  coupled  with  normal  ’O'  ring  vacuum  seals. 

B.  A  single  stage  air  ballast  vacuum  pump,  with  a  capacity 
of  300  litres  per  minute  and  achieving  a  pressure  of 
.01  torr,  is  operated  throughout  the  drying  of  a  batch. 

C.  A  smaller  vacuum  pump,  of  80  litres  per  minute,  is  used 
as  a  standby  to  operate  if  the  condenser  needs  emptying 


of  its  ice  load. 
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D.  The  condenser  is  a  small'  vacuum,  chamber  with  copper 
cooling  coils  entering  from  the  end  plate.  Up  to  4  kg 
of  ice  can  be  trapped  before  it  needs  to  be  emptied. 

The  temperature  on  the  coil  is  kept  at  about  -40°C. 

Th*e  coil  is  supplied  by  alcohol  of  this  temperature  from 
a  cooling  reservoir  E. 

E.  ‘  The  alcohol  reservoir  is  fitted  with  a  small  pump  to 

drive  the  refrigerated  alcohol  through  the  coils  of  the 
condenser. 

F.  A  mechanical  refrigerator  which  cools  the  reservoir  to 
-40°C  to  -45°C. 

G.  The  temperature  of  the  load  within  the  chamber  is 
registered  by  thermocouples  connected  to  a  potentiometer. 

H.  Heat  is  supplied  to  the  load  by  circulating  hot  water  up 
to  40°C  in  copper  tubes  which  form  a  support  for  the 
frozen  samples.  The  hot  water  is  pumped  through  the 
system  by  a  thermostatically  controlled  heater  and 

pump  mounted  in  a  small  reservoir  at  H. 

I.  Valves  are  situated  between  the  small  pump,  C,  and  the 
chamber,  a  solenoid  valve  is  between  the  chamber  and  the 
condenser  to  isolate  the  load  in  case  of  power  failure, 
another  is  in  line  between  the  main  pump  and  the  condenser. 
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Figure  1.  Showing  the  percentage  retention  of  polyethylene 
glycol  in  samples  dried  from  a  range  of  soaking 
concentrations  of  polyethylene  glycol  between  5% 
and  30%.  The  best  results  in  practice  have  been  where 
samples  have  retained  about  20%  of  polyethylene  glycol 
in  the  dried  wood,  this  optimum  zone  is  indicated  by 
a  dashed  line;  (a)  highly  degraded  with  more  than 
75%  of  weight  loss  on  drying  requires  an  approximately 
5%  soaking  solution;  (b)  moderately  degraded  with 
between  60%  to  75%  weight  loss  gave  the  best  results 
with  a  soaking  solution  between  8%  and  10%;  (c)  the 

least  degraded,  with  less  than  60%  weight  loss  . 

requires  a  12%  to  15%  initial  soaking  solution  to 
produce  the  best  results. 

*  /  i 
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Figure  3.  Diagrammatic  representation  of  the- freeze-drying 
equipment  (plan  view).  V 
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INTRODUCTION 


The  first  reports  in  this  series  (in  1963  and  1965)  dealt  with  the  general 
features  of  wood  decay  in  interior  woodwork  including  furniture.  A  summary 
was  given  of  the  principles  of  furniture  restoration.  This  material  was 
published  in  "Problems  of  Conservation  in  Museums"  (iCOM  1969).  A  further 
report  (1967)  included  a  review  of  relevant  literature  from  I960  in  wood 
technology;  this  was  later  published  in  Studies  in  Conservation  by 
Anne  Moncrieff.  This  review  was  brought  up  to  date  in  the  next  report  in 
1969  together  with  expanded  sections  dealing  with  wood-moisture  relations, 
impregnation  and  moisture  barriers.  The  present  survey  by  Anne  Moncrieff  and 
Jo  Darrah  brings  the  literature  up  to  March  1972.  These  reviews  are  expanded 
bibliographies;  the  items  are  chosen  to  provide  source  material  for  further 
study.  They  lie  somewhere  between  bibliographies,  abstracts  and  short 
digests. 

Replies  to  a  questionnaire  on  conservation  methods  for  wooden  objects,  sent 
to  museums  and  private  restorers  were  summarised  in  the  1967  report.  There  is 
no  point  in  sending  out  further  questionnaires  at  present.  Included  also  on 
the  1967  report  was  a  list  of  publications  received  from  Forest  Products 
organisations  in  consequence  of  requests  from  Sub-Committee  members.  The 
organisations  have  not  followed  these  gifts  with  more  recent  publications  and 
further  circulars  might  be  profitably  sent  out. 

It  has  not  been  possible  to  proceed  with  two  of  the  projects  proposed  at  the 
1969  meeting  in  Amsterdam.  These  were  firstly  a  study  of  the  behaviour  of 
experimental  constructions  of  basic  furniture  under  cycles  of  atmospheric 
relative  humidity  variation  which  was  postponed  until  new  premises  were 
available;  they  will  soon  be  started:  secondly  a  study  of  the  technical 
history  of  furniture  construction  beginning  with  certain  limited  periods  in 
particular  countries.  In  the  second  study  it  was  hoped  to  assist  the  stylistic 
specialist  by  sys tematising  the  sequence  of  technical  innovations  in  a  similar 
manner  to  the  fruitful  collaboration  between  technical  and  art-historical 
specialists  in  painting.  This  was  a  false  analogy.  In  painting  technical 
methods  develop  with  the  successive  discovery  or  introduction  of  new  materials, 
advancing  and  being  advanced  by  artistic  evolution.  Furniture  construction  has 
fewer  degrees  of  freedom.  It  is  geared  to  the  basic  properties  of  wood  (until 
recent  times,  at  least)  which  is  anisotropic  both  in  its  strength  and  in  its 
dimensional  changes  with  moisture  content.  Moreover  technical  evolution,  which 
has  been  reasonably  well  charted  by  the  style  experts,  and  is  not  of  great 
complexity,  is  ordinarily  bound  up  with  function  and  the  development  of  social 
customs  and  style;  assignment  to  a  particular  period  is  generally  dependent 
on  an  experienced  appraisal  of  these  factors.  Changes  in  style  from  the  17th 
century  onwards  have  been  more  rapid  and  detailed  than  changes  in  basic 
constructional  methods  and  provide  a  better  chronological  guide.  Even  so  the 
study  of  the  gross  structure  of  constructional  change  has  scope  for  refine¬ 
ment  beyond  the  ordinary  detection  of  reproduction  work,  which  relies  on  such 
things  as  the  presence  of  anachronisms  in  tool  marks  and  in  such  features  as 
screws  and  nails.  Ihis  refinement  cannot  be  done  by  a  research  programme, 
but  by  gradually  amassing  and  analysing  the  results  of  examinations  from  as 
many  sources  as  possible,  using  a  common  system  of  recording,  and  making  as 
much  distinction  as  can  reasonably  be  accomplished  between  construction  and 
style.  To  this  end,  a  start  has  been  made  to  provide  an  examination  schedule 
which  might  be  developed  for  general  use  for  the  systematic  description  of 
both  construction  and  deterioration,  to  be  useful  for  conservation  as  well  as 
for  the  collection  of  historical  material.  This  will  require  a  comprehensive 
vocabulary  of  technical  terms  in  several  languages,  so  that  each  technical 
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feature  will  have  one  agreed  description,  with  diagrams  if  necessary.  Proposals 
for  developing  this  project  and  enlisting  co-operation  will  be  made  at  the 
Madrid  meeting. 


i  the  survey  that  follows  many  of  the  references  included  will  appear  to  be 
only  remotely  if  at  all  connected  with  the  technical  study  and  conservation  of 
furniture.  A  large  proportion  of  the  published  literature,  even  on  furniture, 
concerns  itself  with  such  materials  as  laminated  woods  and  production  line 
methods  of  manufacture.  However  it  must  be  noted  that  museums  (including  the 
Victoria  and  Albert)  are  already  collecting  material  of  the  so  called  ''Art  Deco" 
period  of  1925  onwards,  and  Miss  Darrah  notes,  in  the  section  on  wood  identifi¬ 
cation  that  there  is  an  urgent  need  to  collect  information  on  the  wide  range  of 
tropical  and  other  woods  now  being  imported,  and  their  dates  of  introduction. 

The  section  on  wood  identification  and  its  recent  literature  is  a  reminder  that 
museum  records  are  not  normally  very  complete  nor  accurate  in  this  respect,  and 
the  above  proposals  for  systematic  examination  should  aim  to  modify  this  aspect, 
with  the  wide  adoption  of  the  use  of  accepted  standard  keys  and  more  detailed 
analysis  where  possible. 


A  reference  was  made  in  the  last  report  (for  the  Amsterdam  meeting  1969)  to  the 
use  of  very  soft  X  rays  and  to  ultrasonic  methods  for  detecting  flaws  and 
imperfections,  and  it  was  suggested  at  the  meeting  that  a  possible  method  should 
be  sought,  not  only  for  detecting  cracks  in  the  interior  of  furniture  members ^ 
and  beneath  veneers  but  also  of  detecting  furniture  which  is  potentially  at  risk 
in  adverse  atmospheric  conditions.  It  appears  from  the  recent  literature  that 
the  ultrasonic  methods  are  not  yet  sufficiently  advanced  to  be  considered. 

There  is  now,  however,  the  possibility  from  American  developments  in  holography, 
-  of  detecting  hidden  cracks,  or  regions  of  local  stress  by  combining  two  holo¬ 
graphs  taken  at  brief  successive  intervals  with  minute  changes  in  moisture 
„content,  to  produce  interference  fringes  with  a  pattern  related  to  stress 

(  ariations. 


Relevant  references  to  the  expanding  literature  on  dendrochronology  are  reviewed 
in  this  report.  This  method  which  is  now  being  successfully  applied  in  suitable 
cases  to  dating  the  panels  of  some  northern  European  paintings  has  not  yet  been 
used  on  furniture,  though  a  study  of  furniture  of  the  "oak  period  will  doubtless 

be  undertaken  eventually. 


Occasional  outbreaks  occur  of  metallic  corrosion  in  museum  objects  xn  storage  or 
on  display  that  appear  to  be  traceable  to  emanations  from  wood  and  associated 
materials  in  the  vicinity.  These  occur  too  rarely  for  close  study  to  have  been 
made,  and  they  are  sometimes  difficult  to  investigate.  A  particularly  baffling 
example  is  being  studied  at  the  moment  at  the  British  Museum.  A  brief  review 
of  the  current  literature  on  .this  subject  is  included  here.  The  effect  of  fig  > 
mentioned  in  previous  reports,  is  most  noticeable  in  the  variously  coloured  an 
dyed  woods  of  18th  century  marquetry  furniture  but  very  general  even  thoug 
subtle  changes  are  occurring  under  present  museum  conditions  where  curatorship 
has  been  generally  much  slacker  than  in  the  fields  of  textiles  and  paintings. 

It  is  a  common  experience  to  see  patches  of  sunlight,  perhaps  of  10,000  lux  on 
.  furniture  in  museums  and  country  house  out-stations.  A  review  is  inclu  e  o 
literature  on  the  effect  of  light  on  colour.  Some  additional  research  in  the 
museum  field  is  clearly  needed  covering  the  range  of  furniture  woods  norma  y 
encountered,  on  the  magnitude  of  the  changes  and  the  ef. ect  o.  spec  .ra_ 
position,  to  draw  the  attention  of  curators  to  this  matter. 

.  \As  in  previous  reports  the  literature  on  fungal  and  insect  attack  is  reviewed, 
ijfrom  the  point  of  view  of  chemical  treatments  other  than  fumigation  it  wou 
interesting  to  know  what  methods  are  now  being  used  in  museums,  Since  the 
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questionnaire  reported  upon  in  1967  was  circulated;  and  in  the  light  of  the 
recent  attitude  towards  persistent  and  potentially  dangerous  insecticides. 

There  is  still  no  reasonably  comprehensive  book  on  the  restoration  of  furniture 
as  it  is  practised  by  a  museum  restorer  conscious  of  the  object  both  as  an 
example  of  applied  art  and  as  an  authentic  historical . document.  The  higher 
o-rade  of  museum  furniture  restorer  will  have  learnt  his  craft  by  developing 
from  a  cabinet-maker  to  a  restorer,  and  it  can  be  argued  that  the  practice  can¬ 
not  be  learnt  from  a  book.  There  are,  however,  numerous  museum  technicians 
who  can  effectively  carry  out  the  more  elementary  tasks  of  restoration  and  who 
are  likely  to  try  to  go  further  than  their  skill  and  knowledge  warrants.  A 
suitable  treatise  could  save  much  damage.  A  review  is  given  m  this  report  of 
a  number  of  recent  books,  which,  however  do  not  quite  fulfil  the  present  need. 
There  is  also  almost  no  occasional  literature  on  specific  treatments  of  di  1- 
cult  problems,  comparable  with  those  on  the  treatment  of  wood  panel  paintings, 
as  for  example  those  illustrating  the  recent  publication  by  R  D  Buck  on  the 
rheology  of  wood  panel  painting  supports. 


Reference  was  made,  in  the  previous  report  to  Buck's  earlier  work  on  the  sub¬ 
ject  of  his  more  recent  article  and  its  relevance  to  the  deterioration  o 
furniture.  Apart  from  normal  (and  abnormal)  wear  and  tear  it  receives  as 
a  functional  object,  much  of  the  deterioration  of  furniture _ consis ts  in  the 
warping,  shrinking  and  cracking  of  Mmbers  and  the  accompanying  damage  to 
veneers.  The  problem  which  Buck  considers  is  that  of  wood  panel  paintings 
with  paint  on  one  side  only  providing  an  unbalanced  effect  consisting  firstly 
of  a  moisture  barrier  on  one  side  leading  to  asymmetrical  moisture  gradien  s 
in  conditions  of  varying  relative  humidity  and  secondly  to  a  mechanical 
constraint  which  prevents  the  swelling  and  shrinkage  of  the  wood  on  one  si  e 
and  constrains  it  on  the  other.  This  situation,  in  which  the  ultimate  results 
is  compression-shrinkage  on  the  free  side  and  possible  tension-set  on  the  other, 
a  permanent  condition  as  a  consequence  of  plastic  flow,  must  have  analogues  m 
the  veneered  panels  of  furniture.  These  effects  would  be  superposed  on  the 
general  shrinkage  of  free  members  as  a  consequence  of  the  lower  average  R 
in  museums  compared  with  that  resulting  from  the  original  air  seasoning.  The 
effect  of  cross  battening  in  wood  panel  paintings  is  well-known  and  is  manliest 
furniture,  from  its  mode  of  construction.  A  loosely  framed  panel  is  free  to 
move,  and  usually  shrinks  without  damage.  On  the  other  hand  a  panel  held  in 
end  clamps  running  across  the  grain,  or  one  constrained  by  heavy  moulding  as 
for  example  a  panel  in  a  box-like  construction,  will  crack  and  distort.  The 
furniture  problem  involving  in  a  compound  way  the  spring  and  dash-po  concep 
described  by  Buck  and  complicated  here  and  there  by  the  dead  space  within 
closed  box  constructions  turns  into  a  question  of  magnitudes  which  have  not 
been  determined.  In  particular,  if  the  furniture  gallery  is  humidified  in 
winter  but  not  controlled  in  summer  what  is  the  consequence  m  terms  of  com 
pression-shrinkage  etc.,  of  rapid  cycles  of  relative  humidity  in  the  higher 
humidity  range  of  the  summer  months? 


In  the  previous  review.  Hiss  Moncrieff  considered  the  possibility  of  using 
moisture  barriers  on  chosen  surfaces  in  furniture  in  an  analogous  way  to  their 

use  on  wood  panel  paintings.  Lacking  the  basic  knowledge  outlined  above  on 
the  magnitude  of  the  effects,  this  cannot  be  safely  done  at  present.  Her 
comprehensive  review  of  moisture  barriers  in  the  previous  report  has  been 
brought  up  to  date  in  the  present  contribution.  Some  formidable  work  is  being 
done  on  the  principles  of  transmission  of  moisture  through  coatings,  which  may 
eventually  help  to  explain  some  of  the  confusing  results.  More  detai  e 
analysis  is  being  made  of  the  separate  but  interacting  roles  of  diffusion  and 
sorption  in  the  process  of  permeation.  We  have  not  yet  quite  absorbed  this 
work  with  regard  to  the  conservation  problems,  where  we  are  interested 
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(a)  transient  rather  than  equilibrium  conditions  (b)  a  substrate  with  its  own 
nois  ture  content  and  diffusion  characteristics.  As  a  practical  point,  the 
fluorocarbon  films  emerge  as  possible  rivals  to  Saran  (polyvinyl id ene  chloride  - 
i  lonitrile  copolymer)  with,  additionally  durability  with  respect  of  weathering 
and  light. 

Miss  Moncrieff  has  also  brought  up  to  date  her  previous  review  of  methods  of 
stabilisation  by  impregnation,  and  the  conclusion  still  remains  that 
stabilisation  by  bulk  and  graft  polymerisation  in  situ  is  not  at  present 
feasible  for  museum  objects. 


N  S  BROMMELLE 


IV. 


A  timber  tree  is  a  merchant  adventurer,  - 
you  shall  never  know  what  he  is  worth  till 
he  be  dead. 


John  Evelyn  -  "Sylva” 


Wood  Identification 


The  identification  of  wood  in  museum  objects  often  seems  to  be  ignored  or 
at  best  done  by  guesswork.  Anyone  with  a  basic  knowledge  of  wood  anatomy, 
possessing  a  good  lens  or  a  microscope  and  a  sharp  razor  can  identify  the 
commonly  occurring  species  of  their  own  area.  The  physical  qualities  of 
wood,  dimensional  stability,  decay  resistance  and  appearance  are  all 
important  in  its  preservation  and  a  knowledge  of  the  species  can  help  the 
conservator. 

The  presence  of  a  particular  species  of  timber  can  sometimes  help  to  date 
an  object  or  pinpoint  the  area  in  which  it  was  made.  A  knowledge  of  the 
original  appearance  of  timber  can  assist  the  art  historian  to  visualize 
the  original  appearance  of  an  object,  particularly  f  umiture  whose  dowdy 
brown  appearance  today  may  belie  the  intention  of  its  maker  or  designer. 

The  damage  visible  today  in  what  appears  to  be  a  well  constructed  piece  of 
furniture  may  be  due  to  the  use  of  timber  totally  unsuitable  for  the 
purpose  eg.  an  unstable  carcase  wood  under  beautifully  laid  veneer,  long 
since  torn  to  pieces  by  the  movement  of  its  support. 

Visitors  to  museums  are  often  interested  to  know  what  a  wood  is,  especially 
the  more  exotic  woods  of  cabinetwork,  but  do  not  always  find  identification 
on  the  label. 

The  most  comprehensive  system  of  identification  of  both  softwoods  and 
hardwoods  is  contained  in  publications  of  the  Forest  Products  Research 
Laboratory  _/f.P.R.L_j7  (UK)  (l,2,3,4).  These  have  been  available  for  a 
number  of  years.  Identification  is  by  means  of  characters  present  in  the 
wood  and  for  ease  of  use  the  information  can  be  transferred  to  cards. 

Over  nine  hundred  species  of  world  timbers  are  covered.  Two  leaflets 
describe  the  method  of  identification  of  timbers  and  how  to  prepare  material 
for  microscopical  examination  (5,6). 

Three  papers  (7,8,9)  describe  techniques  for  cutting  wood  sections. 

Vynkier  (7)  describes  a  method  for  preparing  brittle  wood  by  embedding  the 
material  in  methyl  methacrylate.  Bramhall  and  McLaughlan  (8)  use  a  thin 
metal-cutting  saw  which  will  cut  sections  to  lOQiuiand  avoids  the  damage 
which  is  caused  by  a  microtome.  Hyland  (9)  describes  the  adaption  of  a 
jeweller* s  fine  circular  saw  for  cutting  sections  of  woody  steins. 

Wood  can  be  identified  by  macerating  the  tissue  and  examining  individual 
fibres.  This  allows  very  small  splinters  to  be  removed  from  objects  from 
which  it  would  otherwise  be  unwise  or  impossible  to  obtain  samples. 

Butler  (lO)  describes  the  preparation  of  macerated  fibres  and  the  use  of 
the  polarizing  microscope  for  identification. 

A  more  specialised  technique,  of  importance  to  archaeologists  and 
paleobotanis ts,  is  that  of  charcoal  identification.  Wood,  when  burnt  in  a' 
reducing  atmosphere,  is  converted  to  pure  carbon.  Being  totally  resistant 
to  biological  breakdown  it  is  frequently  preserved  on  archaeological  sites 
and  may  give  evidence  of  ancient  culture  practices.  The  anatomical 
features  remain  intact.  Koeppen  (ll)  describes  the  preparation  of  samples 
for  use  with  an  incident  light  microscope  or  a  good  hand  lens.  He  also 
tells  how  to  prepare  a  reference  collection  of  charcoal  samples. 

Scheiber  (l2)  discusses  the  nomenclature  of  timbers.  Many  timbers  have 
several  commercial  names  and  some  of  these  incorrectly  suggest  their 
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relationship  with  timbers  of  known  quality  so  this  is  a  matter  of  some 
Importance.  Scheiber  lists  one  hundred  English  and  German  names  commonly 
ised  in  the  trade  that  are  consistently  misleading.  He  gives  their 
Driginal,  botanical  and  standardized  names. 

Taras  and  Kukachka  ( 1 3)  describe  a  simple  identicication  method  for 
iistinguishing  hickory  and  pecan,  which  have  different  properties  and 
qualities  but  are  often  confused. 

Foung  and  Watson  (14)  discuss  softwood  structure  and  the  identification  of 
conifers.  They  coded  and  analysed  by  computer  the  data  for  one  hundred 
and  thirteen  species  in  forty- two  genera  of  conifers.  Their  results  show 
that  conifers  fall  into  two  major  groups,  Pinaceae  and  others,  distinguished 
by  salient  anatomical  characters.  Most  taxonomical  groupings  are  supported 
by  the  analytical  data  but  the  Cupressaceae  fall  into  two  widely  separate 
groups  of  the  northern  and  southern  hemispheres. 

Several  books  have  appeared  recently  which  contain  specimens  or  photographs 
of  commercial  timbers.  These  books  are  perhaps  more  useful  for  finding  a 
timber  with  specific  qualities  or  colour  rather  than  for  identifying  an 
unknown  but  they  are  well  produced  and  unlike  a  collection  of  wood  samples 
give  all  the  relevant  facts  as  well.  "Hough's  Encyclopaedia  of  American 
Woods"  (15)  makes  one  wish  that  this  could  be  extended  to  cover  European 
and  other  woods.  It  is  worth  its  high  price.  Each  of  the  six  volumes 
produced  so  far  consists  of  two  parts.  The  first,  a  text,  covers  the 
geographical  range  and  distribution  of  the  tree;  the  history  of *its 
discovery;  uses;  past  and  present  commercial  importance;  physical 
appearance;  tables  of  strength,  weight,  etc.  The  second  part  contains 
wood  sections  double  mounted  on  white  card  in  a  ring  binder.  Transverse, 
radial  and  tangential  thin  sections  of  each  wood  are  mounted  on  one  page. 
These  are  beautifully  prepared  and  show,  as  no  photograph  can,  the  colour, 
grain  and  figure  of  the  wood  specimen.  Twenty  five  species  are  covered  in 
each  volume,  giving  a  present  total  of  one  hundred  and  fifty  species. 

A  less  ambitious  volume,  "What  wood  is  that?  A  manual  of  wood  identi¬ 
fication"  (l6 )  covers  the  common  commercial  timbers  used  in  Europe.  The 
text  gives  a  description  of  the  tree  and  wood  and  contains  identification 
keys.  A  fold  out  panel  at  the  front  of  the  book  holds  forty  wood  samples 
of  veneer  thickness.  Some  important  timbers  are  ignored  while  other,  less 
important  varieties  are  described. 

Three  volumes  of  "World  Timbers"  ( 1 7 )  have  now  been  published.  Volume  I 
describes  twenty-six  European  and  fifty- three  African  species.  Volume  II, 
thirty  North  American  and  thirty  South  American  and  Volume  III,  forty-three 
Asian,  twenty— two  Australian  and  eight  New  Zealand  species*  The  text 
covers  the  distribution  and  supplies  of  the  timber,  a  general  description, 
technical  properties,  seasoning  and  movement,  strength  and  bending 
properties,  durability  and  preservative  treatment,  uses  and  working  and 
finishing  properties.  One  to  three  colour  photographs  of  each  timber 
are  reproduced  in  their  natural  size  and  show  the  wood  in  its  most 
frequently  used  form,  i.e.  quarter-cut;  flat-cut;  rotary  cut  and  burr. 

A  further  two  volumes  have  been  added  to  Bergmann' s,  "Encyclopaedia  of 
Timbers"  (l8)  making  five  in  all.  A  revised  edition  of  "Commercial 
Timbers  of  the  World"  ( 1 9 )  adds  nine  new  timbers  to  the  two  hundred  and 
fifty- two  described  in  the  1965  edition.  The  book  has  a  chapter  on  wood 
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structure  and  identification  and  another  on  timber  for  the  architect  and 
engineer.  The  rest  of  the  book  contains  descriptions  of  the  individual 
timbers  which  in  all  cases  are  rather  superficial.  Photomicrographs  of 
transverse  sections  are  given  for  some  species. 

The  '‘Centre  Technique  du  Bois"  has  produced  a  paper  (20)  on  indigenous  and 
exotic  timbers  in  use  in  France.  Eighty-four  species  are  described; 
common  and  scientific  names,  provenance,  description,  density,  hardness, 
workability,  mechanical  and  technical  properties,  durability  and  uses. 

Six  short  papers  (21 ,22,23*24,25,26)  describe  fir,  spruce,  scots  pine, 
oaks,  beech  and  poplars;  their  taxonomy  and  pseudonyms,  geographical 
distribution  of  the  tree,  structure  of  wood  and  characteristics  for  micro¬ 
scopical  identification  with  photographs  of  transverse,  radial  and 
tangential  sections  $  physical  and  mechanical  properties;  technical  details 
and  uses.  A  further  publication  (27)  contains  tables  for  the  macroscopic 
determination  of  twenty-one  timbers  commonly  found  in  France.  This  is 
produced  for  the  layman  and  gives  only  the  French  name  for  the  timber. 

Menon  (28)  describes  the  structure  and  identification  of  fifty- two 
indigenous  Malayan  timbers  derived  from  three  hundred  and  seventy  five 
species.  This  handbook  is  illustrated  and  contains  keys.  Tus et  and  Duran 
(29) ‘describe  the  key  to  macroscopic  characters  of  the  commercial  timbers 
of  Uruguay. 

"Woodworking  Industry",  continues  its  series  "Know  your  Timber"  (30)  each 
month.  It  has  now  (March  1972)  covered  two  hundred  and  twelve  timbers 
with  a  general  description  and  a  photograph  (black  and  white). 

"Wood"  maintains  a  similar  series  "World  Timbers"  (3O  from  material 

provided  by  F.P.R.L.  (UK).  This  contains  a  general  d es crip ti on  and  a  colour 
photograph  (natural  size).  Over  one  hundred  species  have  now  been 
described  and  earlier  numbers  have  been  produced  in  book  form. 

The  Canadian  Forestry  Service  is  building  up  a  system  for  "Hardwood 
Identification  by  Computer"  (32).  This  is  intended  as  a  service  for  the 
public.  Up  to  the  date  of  reporting,  1968,  the  basic  data  for  five 
hundred  species,  obtained  from  the  F.P.R.L. (UK)  "Identification  of 
Hardwoods"  (3)  and  other  sources  have  been  transferred  to  magnetic  tape 
for  computer  retrieval. 

The  U.S.  Department  of  Agriculture  Forestry  Service  has  produced  a  useful 
paper  on  the  "Properties  of  imported  tropical  woods"  (33)»  It  describes 
more  than  one  hundred  tropical  genera  and  generic  groups  which  are,  or 
could  be,  imported  into  the  United  States  and  was  published  to  answer 
some  of  the  many  queries  which  they  receive.  The  paper  contains  the 
information  available  at  the  time  of  publication.  This  provides 
botanical  and  common  names;  principal  growth  areas:  description  of  the 
wood;  properties;  seasoning  and  uses. 

A  symposium  report  from  Germany  (34)  on  the  "Properties  and  utilization 
of  tropical  wood"  discusses  the  great  increase  in  wood  exports  in  some 
-  «-  areas  in  the  last  few  years.  The  technical  data  for  many  timbers  are 

scattered  and  the  information  must  be  collated  and  published  together  as 
in  the  previous  paper.  The  report  discusses  the  uses  of  timbers,  the 
availability  of  technical  information  and  evaluation  of  their  properties. 

As  time  goes  on  many  of  the  "new"  timbers  will  appear  in  museum  objects, 
a  point  which  must  be  remembered  when  papers  on  tropical  woods  are 

*  i 
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considered.  Some  of  the  large  number  of  "new"  species  imported  into  the 
developed  countries,  particularly  of  western  Europe,  since  1945,  are  already 
commonplace  in  furniture  and  turnery. 

This  Museum  hopes  at  some  future  date  to  compile  a  list  of  timbers  imported 
into  the  U.K.  during  the  twentieth  century  and  of  their  first  importation. 

If  this  is  left  too  late  the  information  may  well  become  as  difficult  to 
obtain  as  that  of  the  eighteenth  and  nineteenth  century  imports. 

Latham  Bryan's  book  (35)  covers  timber  from  a  historical  point  of  view  and 
contains  much  valuable  information  about  early  imports.  The  importation  of 
new  timbers  is  likely  to  continue  as  shown  by  Brazier  (36)  who  suggests 
several  new  woods,  giving  their  trade  names;  botanical  names;  geographical 
origin,  density,  etc. 

Richardson  (37)  believes  that  there  will  be  no  shortage  of  tropical  hard¬ 
woods  in  this  century.  He  lists  all  those  in  current  use  in  the  U.K.  and 
gives  their  main  uses. 

Bootle  (38)  describes  "Furniture  Timbers  of  New  South  Wales".  The  paper 
contains  a  list  of  many  species  used  in  the  modern  furniture  industry  and 
gives  their  characteristics. 

Two  earlier  papers  from  the  F.P.R.L.  (UK)  (39, 40 )  survey  the  timbers  and 
board  materials  used  in  the  furniture  industry  (l966)  and  timbers  used  in 
the  musical  instruments  industry  ( 1 956 ) .  The  Canadian  Forest  Service  have 
also  produced  a  paper  on  the  "Wood  for  Musical  Instruments  (1964)  (41  ) 
referring  to  species  growing  in  Canada. 


Structure  of  Wood 

Wood  structure  and  anatomy  is  covered  to  a  greater  or  lesser  degree  by  the 
general  botanical  textbooks.  A  few  books  exist  which  deal  exclusively  with 
wood.  Jane's  "The  Structure  of  Wood"  (42)  has  recentlv  been  revised  as  has 
the  F.P.R.L.  (U.K.)  "Growth  and  Structure  of  Wood"  (43),  and  Panshin  and 
de  Zeeuw's  "Textbook  of  Wood  Technology",  Volume  I  (44).  Anew  edition  of 
Giordano's  "Wood  Technology"  has  appeared  (45). 

In  "Bibliography  on  the  anatomy  of  woods",  by  Araujo  (46)  the  first  section 
deals  with  Brazilian  papers  (220  titles)  and  the  second  with  the  rest  of 
the  world  (l403  titles). 

Greguss',  "Wood  Anatomy  of  European  dicotyledous  trees  and  shrubs",  (47)  has 
been  revised,  as  has  Freud's  "Microscopy  of  wood  and  paper"  (48). 

A  paper  by  Bamber  (49)  discusses  the  trouble  which  can  arise  from  the  use  of 
sapwood  in  manufacture.  He  describes  the  difference  between  heartwood  and 
sapwood,  their  development,  the  determination  of  the  boundary  between  them, 
and  their  relative  strength,  durability  and  utilization.  Chemical  tests  are 
given  which  can  differentiate  between  sapwood  and  heartwood. 

Detailed  work  on  the  crystals  present  in  many  tropical  hardwoods  is 
described  by  Jongebloed  and  lutte  (50).  These  crystals  are  often  used  as  an 
identification  characteristic  and  are  of  importance  to  woodworkers  as  they 
can  damage  tools  and  cause  difficulty  during  working.  The  authors  describe 
the  improved  results  obtained  by  using  X-ray  microscopy  compared  with  those 
of  the  light  microscope.  Ultra-violet  and  polarized  light  microscopy  fall 
between  the  two.  There  is  a  series  of  photographs  of  different  types 
of  crystals  found  in  wood. 
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Von  Pechman  (51 )  describes  two  useful  staining  techniques  for  wood.  The 
first  uses  Astra-blue  to  produce  a  contrast  between  normal  cells  and  those 
which  are  poorly  lignified,  and  to  stain  living  parenchyma  and  fungal 
hyphae.  Tension  wood  of  the  convolute  type  is  clearly  differentiated  from 
normal  cells.  Astra— blue  is  particularly  good  for  detecting  fungal 
mycelium  in  cell  walls,  etc.  The  second  stain,  the  fluorocnrome,  Acridin 
Orange,  differentiates  cells  of  the  second  type  of  tension  wood.  The 
first  stages  of  wood  decay  are  shown  well  by  this  stain. 

Frey_Wyssling  (52)  discusses  the  ultrastructure  of  wood  in  relation  to  its 
anisotropy  and  longitudinal  shrinkage. 


Reaction  Wood 


Reaction  wood,  i.e.,  tension  wood  and  compression  wood,  is  now  described 
in  books  on  wood  structure  and  botanical  text  books,  e.g.  White  (55)» 

The  dangers  of  using  timber  containing  these  defects  are  well  understood. 
Much  detailed  work  continues  to  be  done  on  the  subject  but  is  not 
relevant  to  this  review.  Much  of  the  information  has  been  obtained  using 
the  electron  microscope  (see* next  section). 


Electron  Microscopes 

The  use  of  the  electron  microscope,  and  especially  the  scanning  electron 
microscope  (S.E.M.)  to  study  wood  structure  and  anatomy  has  increased 
greatly  in  the  last  few  years.  Papers  are  reviewed  here  which  show  the 
general  breadth  of  research  covered  using  the  techniques,  and  those  which 
are  relevant  to  museum  work.  The. transmission  electron  microscope  (T.E.M.) 
requires  a  replica  to  be  made  of  the  sample,  which  is  then  destroyed.  This 
method  has  been  used  to  study  the  ultrastructure  of  Southern  Yellow  Pine 
wood  (54),  with  the  aim  of  differentiating  anatomically  between  the  ten 
species  and  two  varieties  studied.  The  paper  contains  two  hundred  and 
fifty  electronmicrographs  of  cell  wall  structure  etc. 

A  second  paper  (55)  describes  the  use  of  the  technique  to  study  the 
penetration  and  decomposition  of  tracheid  walls  of  Pinus  sylves tris  by  a 
fungus  and  discusses  the  action  of  cell  wall  breakdown  by  fungal  enzymes. 

The  T.E.M.  and  an  electron  probe  analyser  were  used  to  study  the 
impregnation  of  pine  wood  with  aqueous  solutions  of  metal  compounds  by 
different  methods  (56).  The  electron  probe  analyser  proved  a  useful 
instrument  for  detecting  and  analysing  metal  compounds  in  the  cell  walls. 


Macerated  wood  fibres  from  five  woods  of  varying  hardness  were  examined 
under  the  T.E.M.  (57).  The  efficacy  of  three  different  maceration 
processes  are  evaluated. 

For  the  examination  of  wood  surfaces,  anatomy,  deterioration  and 
weathering  the  scanning  electron  microscope  (S.E.M.)  has  proved  useful. 
Samples  may  be  examined  without  pre treatment  apart  from  drying  and  in  _ 
some  cases  shadowing.  Its  greatest  advantage  is  the  depth  of  focus  which 
is  several  hundred  times  that  of  the  T.E.M.  or  the  light  microscope  which 
means  that  a  photograph  gives  effective  information  on  three  dimensional 
objects.  Its  resolving  power  can  be  ten  times  that  of  the  optical  light 
microscope  (to  150°A).  The  instrument  has  been  available  for  a  decade 
but  in  1968  its  use  for  the  study  of  plant  material  was  being  described 

(58). 
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review  of  research  in  the  field  of  wood  science  using  the  S.E.M..  was 
ublished  in  1970  (59).  In  1972  a  book  "Three-dimensional  structure  of  wood, 
L  S.E.M.  study",  (60)  shows  just  how  far  the  use  of  this  microscope  has 
idded  to  the  knowledge  of  wood  structure. 

rood  anatomy  (61 )  and  wood  anatomy  and  decay  (62)  were  studied  and  photo¬ 
graphs  presented  to  illustrate  the  value  of  the  S.E.M.  in  this  type  of  work, 
lore  material  is  presented  in  a  paper  (63)  on  wood  structure  and  degradation, 
feathered  wood  can  be  examined  without  any  alteration  and  has  therefore 
received  much  attention.  Borgnin  (64)  has  evaluated  the  use  of  •  •  • 

for  studying  changes  in  the  structure  and  ultrastructure  of  weathered  wood 
exposed  to  natural  weathering  for  up  to  a  thousand  years  in  buildings  in 
Norway. 

3e  describes  the  deterioration  of  the  wood  and  its  structural  breakdown  and 
concludes  that  the  S.E.M.  is  ideal  for  this  type  of  work.  He  discusses  the 
same  work  under  the  title  "Why  wood  is  durable",  (65).  Hydrolysis  and 
photochemical  reactions  are  of  little  significance.  The  gray  surface  lay 
of  weathered  wood  protects  the  lower  layers  by  absorbing  and  reflecting 
chemically  active  ultraviolet  light  and  visible  light.  Oxida  ive  an 
hydrolytic  breakdown  are  very  slow  indeed.  Protected  wood,  nine  tondre 
years  old,  shows  almost  no  deterioration  whereas  on  the  weathered  side  the 
surface  tos  broken  down,  ms  he  believes  to  be  due  mainly  to  thermal  and 
hygroscopic  movements  in  the  exposed  surface.  The  middle  lamella  of  the 
cell  wall  appears  to  be  the  weakest  point.  He  concludes  that  wood  under 
certain  conditions  is  extremely  durable. 

Other  work  deals  with  weathering  of  wood  and  the  fungi  which  cause  gray 
stains.  (66,67). 


t^trasonic  Detection  of  Wood  Defects 


Phe  use  of  ultrasonics  to  reveal  structural  defects  or  decay  in  timberhas 
)een  studied  for  several  years.  The  theory  behind  the  technique  is  that 
iltra-high  frequency  sound  waves  pass  through  material  at  differ 
reloci ties  according  to  the  density  of  the  material.  Changes  in  density, 
riaws,  etc.,  are  recorded.  The  development  of  this  technique  oould 
possibly  yield  another  useful  tool  to  museum  conservators  for  the 
letection  and  study  of  the  development  of  cracks  and  flaws  in  ^°°d °  P  A  ’ 
furniture,  etc.  The  technique  does  not  seem  to  have  reached  this  stage.  A 
note  (68)  reports  on  the  press  release  from  the  National  Research  Council  of 
Canada  on  the  use  of  high-frequency  sound  waves  for  the  detection  o 
iefects  in  wood.  The  author  of  the  note  unhappily  concludes  that  f*  . 

experienced  woodcutter  i„  Malaysia  or  Ceylon  could  do  the  same  with  tos_eari 
McDonald  et  al.  (69)  discuss  the  locating  of  defects  in  urn  y 
sonies  P« v'-rntt  (70)  describes  its  use  to  find  decay  m  timber.  Breeze  and 

Balberg' (71)  also  describe  its  use  on  wood  having  internal  decay  and  predict 

from  their  measurements  the  log  crushing  strength.  At  the  strength 

measurements  were  made  of  the  extent  of  soft  decay  and  crushing  strength 
again  predicted.  Both  methods  of  prediction  were  found  to  be  equivalen 
when  compared  with  actual  crushing  strength. 


6. 


interference  fringes  with  successive  holograms,  taken  before,  and  after  a 
minute  change  in  moisture  content  (73). 


Dendrochronology 

The  science  of  dendrochronology  has  been  used  for  many  years  by  botanists, 
foresters,  archaeologists  etc.,  but  has  only  quite  recently  become  of 
interest  in  the  museum  Originally  the  age  of  wood  and  trees  was 

calculated  by  counting  the  number  of  annual  growth  rings  present.  Later 
the  width  of  the  annual  growth  rings  was  measured  and  the  results  for 
different  trees  were  compared.  Climatic  conditions  in  a  geographical 
area  affect  the  majority  of  trees  of  a  given  species  similarly  so  that  a 
particularly  good  or  bad  year  will  affect  the  amount  and  type  of  growth 
leading  to  differences  in  the  width  of  rings  in  each  tree.  These  form  a 
pattern  which  when  plotted  allow  trees  to  be  matched.  With  a  given  area 
k  continuous  chronologies  can  be  worked  out  going  back  for  as  many  years  as 

samples  are  available  (up  to  6000-7000  B.C.).  A  single  chronology  cannot 
be  used  over  a  wide  area  but  tree-ring  chronologies  are  now  available  for 
manÿ  parts  of  Europe,  North  America,  and  elsewhere.  Archaeological 
excavations  have  provided  much  material  and  have  extended  chronologies  by 
many  years.  Conversely,  available  chronologies  have  helped  to  date 
excavations. 

Trees  of  temperate  zones  which  show  well  developed  annual  growth  rings 
are  especially  suitable  for  this  work.  In  Europe  oak,  pine  and  fir  are 
the  most  useful  timbers  for  this  work  because  they  have  extremely  well 
developed  and  easily  measured  growth  rings.  They  are  moreover  the  most 
commonly  used  timbers  in  construction  work  and  the  best  preserved  both  on 
excavation  sites  and  in  peat  bogs.  Other  species  have  been  studied  both 
(  in  Europe  and  in  other  areas  of  the  world.  Unfortunately  trees  in 

tropical  areas  do  not  all  possess  growth  rings  and  if  they  do  they  may  not 
be  annual  and  are  no  use  for  dating  purposes. 

Matching  and  analysis  is  frequently  done  by  computer  today,  though  optical 
(visual)  methods  are  still  used. 

The  available  literature  on  the  subject  has  now  reached  vast  proportions 
and  the  selection  of  papers  here  is  based  on  methods,  application  in 
different  parts  of  the  world,  useful  bibliographies,  or  particular 
relevance  to  museum  work. 

Zimmermann  (74)  has  surveyed  the  various  methods  of  dating  archaeological 
artifacts  including  the  tree-ring  method.  Stuiver  (75)  discusses  dating 
&  by  tree-rings,  Carbon  -  14,  and  varve  series  (layered  sediments  laid  down 

in  lakes)  in  relation  to  extending  archaeological  dating  procedures  beyond 
those  at  present  available  for  tree— ring  series.  Hollstein  (76)  describes 
the  dating  of  wood  by  the  dendrochronological  method  and  describes  the 
series  for  the  Rhineland  which  extends  from  the  La  Tene  Age  to  the  present 
"  -  -  time.  Reference  is  made  to  the  recovery  and  conservation  of  material. 

Polge  and  Keller  (77)  describe  xylochronology,  dating  by  measuring  the 
maximum  density  of  tree  rings,  using  samples  obtained  in  Switzerland. 
Density  is  said  to  be  more  strongly  dependent  on  climatological  factors 
and  less  sensitive  than  ring-widths  to  other  sources  of  variation.  In 
particular  their  Lee  together  facilitates  dating  and  a  method  of  plotting 
both  measured  together  to  obtain  synchronization  is  explained. 

W 
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3ecker  and  Giert-Siebenlis t  (78)  describe  the  dendrochronology  of  Silver  Fir 
In  Central  Europe  f*01*  over  eleven  hundred  years.  A  gap  in  the  series  from 
pOO-1 541  A.D.  was  bridged  by  material  from  three  churches.  The  chronology 
)f  Silver  Fir  is  compared  with  that  of  oak. 

Bauch,  Eckstein  and  Liese  have  done  a  great  deal  of  work  on  dendrochronology 
Ln  northern  Europe  particularly  in  relation  to  art,  architecture  and 
irchaeology.  They  describe  the  dating  of  oak  in  North  Germany  (79)  and 
liscuss  it  in  relation  to  specimens  from  various  sites.  A  standard  series, 
such  as  that  for  South  Germany  cannot  be  cons true ted  for  North  Germany  and 
la  ting  must  be  done  only  in  relation  to  a  narrow  site.  They  discuss  the 
successful  dating  of  a  monastery  and  an  excavation  site  as  illustrative  of 
bhe  possibilities  of  dendrochronology  in  North  Germany.  The  same  authors  (80 ) 
liscuss  the  development  of  a  tree-ring  series  for  oak  in  North  Germany  for  the 
surpose  of  dating  historic  buildings.  Bauch  (81 )  describes  the  dating  of  the 
Bremen  "Kogge"  (a  boat).  This  was  found  in  the  North  but  was  made  of  wood  from 
bhe  South  and  was  therefore  dated  using  the  South  German  growth-ring  chronology, 
ïe  also  discusses  the  development  of  standard  annual-ring  series  on  a  regional 
sasis  as  a  means  of  dating  historic  buildings  and  panel  paintings  (82). 

[n  1970  a  meeting  on  dendrochronology  was  held  in  Germany.  The  published 
)apers  (83)  cover  the  dendrochronological  method,  dating  by  dendrochronology 
md  Carbon  -  14,  the  effect  on  dendrochronological  dating  of  species,  wood 
[uality  and  state  of  preservation,  construction  of  regional  standard  annual 
'ing  curves  for  dating  historic  buildings  and  panels  of  paintings,  (this 
.ncludes  a  study  of  several  Dutch  paintings),  judging  paintings  with  reference 
,o  dendrochronological  dating  of  wooden  panels  and  other  technical  methods 
md  the  application  of  dendrochronology  to  archaeology  in  North  Germany.  * 

Jauch  and  Eckstein  (84)  describe  a  modification  of  dendrochronological 
tethods  for  the  dating  of  panel  paintings,  especially  those  constructed  of 
>ak.  A  comparative  study  of  a  series  of  panels  of  Dutch  paintings  was  under— 
;aken.  They  satisfactorily  proved  that  the  date  of  felling  of  the  tree  could 
•e  determined  in  most  cases  and  that  wood  had  been  used  about  five  years  after 
f ter  felling.  For  a  study  of  this  sort  it  is,  of  course,  necessary  that  a 
ree— ring  series  has  already  been  constructed  for  the  area  from  which  the 
ood  is  believed  to  have  been  obtained. 

•he  sapwood  is  usually  removed  from  timber  before  it  is  used  owing  to  its 
ack  of  durability.  This  means  that  any  analysis  of  growth  rings  in  timber 
rom  panel  paintings,  furniture,  etc.  lacks  several  rings.  Bauch  and  Eckstein 
84)  added  20+5  sapwood  growth  rings  to  their  determinations  when  the  sapwood 
as  entirely  missing.  Corona  (85)  studied  the  stems  of  one  hundred  oaks, 

0—^20  years  old,  from  Central  Italy  and  showed  that  the  number  of  sapwood 
nnual  rings  (y)  increased  with  the  age  of  the  stem  and  that  for  trees 
ithin  the  above  age  limits  it  can  be  satisfactorily  expressed  by  the  formula 
=16.4^5.4.  He  discusses  dendrochronological  work  with  reference  to  oak 
imbers  and  furniture.  Nicolaus  (86)  discusses  dendrochronology  as  a  method 
f  dating  works  of  art. 

olehin  (87,88)  describes  the  dendrochronological  work  done  on  material  from 
ussian  archaeological  excavations  and  the  creation  of  an  absolute  scale  for 
large  area  of  the  centre  and  north  of  Eastern  Europe. 

ree  ring  analysis  with  specific  reference  to  North  West  America  is  reported 
39).  This  conference  report  covers  the  biology  of  tree-ring  formation; 
sthods  of  measuring  tree-rings;  methods  of  analysis  and  the  uses  of  the 
ita  obtained. 
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Archaeological  excavations  in  north  western  Arizona  (90)  furnished  eight 
hundred  wood  specimens  for  examination.  Experiments  were  designed  to 
explain  and  illuminate  the  contributions  made  by  dendrochronology  to 
archaeological  interpretation. 

In  Japan  Cryptomeria  .japónica  has  been  used  for  dendrochronological  work. 

Two  papers  by  Horibe  (91,92)  describe  work  done  on  trees  growing  at  the 
Ise  shrine  and  the  annual-ring  width  analysis  which  was  done  by  computer. 

Corrosion  of  Metals 

The  acidity  of  wood  (93» 94, 95)  has  generally  been  regarded  as  a  good 
indicator  of  the  likelihood  of  it  causing  corrosion  though  this  may  not 
always  be  so.  Acetic  acid,  the  main  cause  of  corrosion,  occurs  in  wood  in 
combined  form  (acetyl  groups),  which  is  slowly  released  from  wood  especially 
under  warm,  damp  conditions  (e.g.  oak,  Douglas  Fir,  Sitka  Spruce,  beech  and 
birch)  (95J.  The  conditions  of  initial  drying  may  have  an  important 
influence  on  the  acidity  of  any  wood  (95). 

F.P.R.L.  (u.K. )  have  studied  the  corrosion  of  metals  by  wood  from  1955 
onwards  (96).  The  1955  report  describes  work  on  the  corrosion  of  cadmium- 
plated  steel  suspended  in  warm,  moist  conditions  over  various  species  of  * 
wood,  chemicals  derived  from  wood  and  from  wood  adhesives.  Acetic  acid, 
formic  acid,  oak  and  birch  wood  were  found  to  cause  corrosion.  In  some 
cases  corrosion  was  found  to  be  caused  by  salt  in  the  wood,  presumably  due 
to  the  logs  floating  in  salt  water  at  some  time.  In  1956,  a  report  was  mad'e 
on  the  production  of  acetic  acid  by  eight  species  of  wood  in  closed 
containers  at  480C  and  a  humidity  sufficient  to  maintain  the  moisture 
content  of  wood  at  fibre  saturation  point.  In  1957  similar  work  on  Douglas 
Fir  was  reported,  after  two  years  the  amount  of  acetic  acid  produced  was 
almost  equal  to  that  which  could  be  obtained  from  acetyl  groups  originally 
present  in  the  wood  as  determined  by  chemical  analysis.  Extended  work  on 
cadmium-plated  steel  included  corrosion  by  a  variety  of  glues.  The  1958 
report  compares  the  acid  production  of  various  woods  at  high  temperatures 
and  moisture  conditions.  A  further  report  in  1963  describes  the  use  of 
propylene  oxide  to  prevent  fungal  growth  (which  affects  acid  production) 
and  discusses  the  corrosion  of  aluminium  by  various  woods,  some  treated  with 
preservatives.  This  work  is  also  reported  at  length  by  Farmer  and  Porter 
197)'. 

H.M.S.O.  have  produced  a  paper  (98)  on  the  corrosion  of  metals  by  vapours 
from  organic  materials,  including  wood.  Schikow  (99)  describes  the 
corrosion  of  metals  in  wooden  casings.  Acetic  acid  is  again  the  main  cause 
of  corrosion  but  not  until  air  humidities  have  reached  about  80$. 

A  series  of  four  papers  by  Arni,  Cochrane  and  Gray  on,  "The  emission  of 
corrosive  vapours  by  wood",  cover  a  survey  of  acid— release  properties  of 
certain  freshly  felled  hardwoods  and  softwoods  (lOO);  analysis  of  the 
vapours  emitted  ( 1 01 ) ;  acetyl  compounds  extracted  from  Sweet  Chestnut  and 
Wych  Elm  (l 02,103). 

Ormstad  (l04)  reports  on  the  corrosion  of  metals  in  contact  with  impregnated 
wood. 

In  all  the  above  papers  and  reports  the  temperature  and  humidity  under 
experimental  conditions  were  well  above  those  found  under  normal  conditions. 
It  would  appear  that  under  normal  museum  conditions  the  likelihood  of 
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étal  corrosion  caused  by  acids  released  from  wood  is  improbable.  However 
he  conditions  may  possibly  arise  i.e.  in  warm,  damp  storage  areas,  in 
Topical  countries  and  in  extremely  warm,  damp  summer  weather. 

iccasional  reports  of  corrosion  on  lead  and  pewter  museum  objects  remain 
[nexplained.  There  is  a  possibility  that  it  is  due  to  or  accelerated  by 
.cids  released  from  wood  or  wood  adhesives.  As  a  precaution  lead  and  pewter 
ibjects  should  not  be  shown  or  stored  in  cases  made  from  wood,  especially 
hose  mentioned  in  the  above  papers,  unless  low  humidities  are  maintained  at 
11  times.  There  is  no  definite  evidence  to  suggest  that  other  metals  may  be 
orroded  in  museum  cases  by  acids  released  from  wood. 

’elated  to  the  corrosion  of  metals  by  wood  products  is  the  staining  of  wood 
>y  iron  (l05).  A  leaflet  produced  by  F.P.R.L.  describes  the  cause, 

>ccurrence,  prevention  and  removal  of  iron  stains  from  wood.  Vick  and  Taras 
106)  report  on  the  staining  of  red  oak  parquet  flooring  bonded  to  on-ground 
loncrete.  This  was  caused  by  minute  particles  of  iron  reacting  with  wood 
;annins  and  water  rising  from  the  damp  concrete. 

)b jec tionable  odours  from  wood  were  reported  by  Zinkel  et  al.  (l07).  These 
rere  caused  by  "several  organic  acids  produced  in  two  South  American  woods  in 
i  hot,  humid  atmosphere  by  anaerobic  bacterial  fermentation  of  carbohydrates. 
Similar  problems  occur  in  several  species  of  oak  and  it  is  suggested  that  the 
shakes  and  honey- combining  which  are  said  to  occur  in  this  timber  during 
seasoning  may  be  due  to  bacterial  action. 

Fhe  evolution  of  formaldehyde  from  particleboard  is  reported  ( 108, 109).  This 
Is  due  to  the  urea-,  ptoiol-or  resoicinal-  formaldehyde  adhesives  used  in  their 
production,  5  p.p.m.  of  the  gas  in  the  atmosphere  being  sufficient  to  cause 
Irritation  to  the  eyes  and  nose,  and  1  p.p.m.  being  detectable.  Small  amounts 
Df  the  gas  are  released  from  the  particleboard  for  some  time  after  production, 
ks  particleboards  are  used  frequently  now  in  interior  joinery  the  possibility 
Df  the  odour  problem  occurring,  especially  in  badly  ventilated  and  enclosed 
areas,  should  be  recognized.  High  temperatures  and  humidities  accelerate  the 
release  of  formaldehyde.  Formaldehyde  is  not  poisonous  but  can  cause  the 
alarming  sensation  of  burning  eyes  and  nasal  tissues.  The  gas  cannot  be 
entirely  eliminated  but  painting  or  varnishing  to  seal  the  particleboard 
3urface  considerably  reduces  the  amount  of  gas  released  and  adequate 
ventilation  should  be  provided. 


Sorption  of  Sulphur  Dioxide  by  Wood 

It  has  long  been  known  that  sulphur  dioxide  as  an  air  pollutant  indoors  is 
usually  about  20 %  of  the  outdoor  level,  and  it  was  assumed  that  the  gas  was 
absorped  and  neutralized  by  walls,  ceilings,  etc.  An  accidental  release  of 
radioactive  sulphur— 35  sulphur  dioxide  in  a  laboratory  provided  a  situation 
where  the  sorption  of  sulphur  dioxide  (s35o2)  on  to  exposed  surfaces  could 
be  recorded  (  1 1 0 ) .  The  concentration  of  gas  released  was  similar  to  those 
found  in  a  polluted  atmosphere.  Gloss  painted,  clean  metal,  treated  wood  and 
dry  emulsion  painted  surfaces  showed  no  detectable  sulphur.  Most  of  the 
activity  was  found  on  damp  ceiling  areas,  bare  concrete  surfaces  and  on  waxed 
linoleum  flooring.  s35()2  was  absorped  by  concrete,  brick  tile,  unpainted 
wood,  paper,  damp  emulsion  painted  surfaces,  cotton  fabric  and  rusty  and/or 
dirty  metal  surfaces.  In  most  cases  the  S02  contamination  could  be  removed 
by  washing  and  the  ease  of  removal  suggested  that  it  was  held  in  fatty 
surface  deposits. 
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Spedding  followed  up  this  work  by  studying  S^5o2  sorption  on  paper  (ill)  and 
wood.  Sorption  was  found  to  be  influenced  by  surface  finish  and  design 
pattern.  Sweat  deposits  on  the  wallpaper  influenced  the  pattern  of  uptake 
but  could  easily  be  washed  off,  therefore  is  probably  bound  to  the 

deposit  and  not  to  the  paper. 

S^o2  sorption  by  wood  (  1 1 2 )  showed  different  patterns  for  softwoods  and 
hardwoods.  The  softwood  sorped  less  S35o2  than  the  hardwood  and  the  sites 
of  sorption  were  different,  in  the  softwood  the  s35o2  being  predominately 
in  the  springwood,  and  in  the  hardwood  is  the  summerwood.  Most  of  the 
S3502  was  found  in  the  outermost  0.05  mm  of  the  wood.  The  possible 
degradation  of  wood  surfaces  by  S02  is  discussed. 


Colour  of  Wood  —  Elf  feet  of  Light 

The  initial  colour  of  wood  depends  on  two  things,  the  proportion  of 
cellulose  (white)  to  li.-rnin  (brown)  in  its  cell  walls  and  the  quantity  and 
colour  of  wood  "extractives"  present.  The  changes  in  colour  of  wood  over 
a  period  of  time  are  due  to  several  interrelated  causes  which  are  not  yet 
fully  understood.  Light  coloured  woods  usually  yellow  or  darken.  Dark 
woods  often  only  develop  their  typical  colouration  after  felling  due  to 
oxidation  of  complex  polyphenols,  quiñones  etc.,  in  the  wood  "extractive" 
content  and  may  become  darker  still  or  bleach  after  long  exposure  to 
light.  Highly  coloured  cabinet  woods  such  as  amaranth  (purple),  padouk 
(red)  and  tulipwood  (pink  and  white  stripes)  generally  lose  their  distinctive 
colour  and  become  brown  after  exposure  to  light.  Thus  basically  colour 
changes  in  wood  are  due  to  the  yellowing  of  cellulose,  the  darkening  of 
liquin  and  either  darkening  or  bleaching  of  unstable  coloured  "extractives". 

Direct  sunlight  should  not  be  allowed  to  fall  on  the  surface  of  furniture 
for  these  reasons,  among  others.  Colour  matching  during  restoration  work 
often  involves  bleaching  or  staining  because  the  new  wood  will  not  match. 

The  changes  likely  to  occur  in  the  new  wood  should  be  understood  or  the 
restoration  may  become  noticeable  after  quite  a  short  time. 

An  ICOM  publication  ( 1 1 3 )  reviews  the  literature  on  the  deterioration  of 
cellulose,  the  effect  of  light,  ultra-violet  light,  and  high  energy 
radiation. 

Desai  (114)  reviews  the  literature  on  the  photodegradation  of  cellulosic 
material  and  finds  much  of  it  contradictory  and  conflicting.  The  various 
theories  explaining  the  mechanism  of  degradion  of  cellulose  by  light  are 
discussed.  Much  of  the  work  reviewed  involves  textiles  and  paper  but  wood 
is  also  mentioned.  Kringstad  (  1 1 5 )  surveys  the  literature  on  the 
degradation  of  wood  and  high  yield  pulps  by  light.  The  article  deals  with 
the  influence  of  light  in  the  presence  and  absence  of  oxygen;  the  degree  of 
yellowing;  the  formation  of  free  radicals  and  the  formation  of  various 
degradation  products.  Mechanisms  of  degradation  are  discussed.  The  great 
complexity  of  the  underlying  chemical  changes  and  their  causes  is  clearly 
explained  in  this  paper. 

A  report  (ll6)  on  some  research  on  the  action  of  light  on  cellulosic 
materials  describes  the  loss  of  tensile  strength  and  the  colour  changes 
under  different  conditions  and  discusses  the  ultimate  effect  of  these 
processes  on  the  surface  of  wood. 
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Calnins  ( 1 1 7 )  reviews  the  relevant  literature  on  the  photodegradation  of 
tfood.  His  research  shows  that  volatile  degradation  products  are  formed  when 
tfood  is  irradiated  and  a  quantitative  determination  of  these  products  was 
ieveloped  into  a  method  for  studying  the  variables  in  the  breakdown  process. 
Photo-oxidation  was  an  important  part  of  the  process;  some  results  were 
obtained  on  the  effect  of  wavelength  of  light.  He  shows  that  the  quanti¬ 
tative  measurement  of  degradation  products  provides  a  method  for 
establishing  degradation  and  may  be  used  for  a  rapid  evaluation  of  means  or 
protecting  wood  from  the  effect  of  light. 

The  same  author  (l 18)  has  determined  the  formation  of  free  radicals  in  wood 
exposed  to  light  by  electron  spin  resonance  spectroscopy.  Wood  kept  in  the 
dark  had  very  low  radical  concentrations,  exposure  to  daylight  and  especially 
to  ultraviolet  light  increased  the  radical  content. 


Bootle  (119)  finds  that  the  colour  changes  in  wood  are  mainly  determined  by 
polyphenolic  compounds  and  quiñones.  He  discusses  the  causes  of  colour, 
darkening,  surface  finishes,  ultra  violet  absorbers,  bleaching  by  t he  sun  and 

weathering. 


The  reddening  of  Rhodesian  Teak  on  exposure  to  light  has  been  shown  to  be 
mainly  due  to  a  tannin  (anhydropoly-leuco-f isetidin)  (120). 


The  quantitative  measurement  of  colour  for  Black  Walnut  Wood  is  described  by 
Moslemi  (  1  21  )  . 


The  graying  of  wood  exposed  to  sunlight  and  weather  and  the  red  brown  colour 
developed  by  wood  exposed  to  light  and  protected  from  rain  has  been  studied 
chemically  and  microscopically  (122).  Photolytic  and  photo-oxidative 
reactions  in  lignin  are  involved.  The  photolysis  of  lignin  in  ultraviole 
illumination  is  discussed  in  relation  to  the  use  of  ultraviolet  microscopy 
in  the  determination  of  lignin  in  wood  (123). 


Biological  Attack  and  Preservation  of  Wood 

Much  of  the  material  published  on  the  preservation  of  wood  deals  with  material 
to  be  used  out  of  doors  or  in  building  construction.  This  will  no  longer 
reviewed  in  this  series.  It  must  be  assumed  that  fungal  attack  rarely  occurs 
in  museum  objects  (as  opposed  to  the  building  itself)  and  if  it  does  it  is 
due  to  an  unfortunate  accident  or  gross  mismanagement.  The  conservation  of 
ancient  buildings  is  becoming  increasingly  common  and  is  usually  reported  in 
architectural  or  archaeological  journals,  and  specifically  in  Monumen  urn 
(124).  All  aspects  of  biological  deterioration  in  ancient  buildings  are 
touched  on  by  Richardson  (125,126).  He  mentions  some  of  the  early  methods  of 
wood  preservation,  e.g.  charring,  pickling  in  brine,  soaking  in  oil  an 

pitching. 

Hickin  has  produced  a  guide  to  the  meaning  of  terms  used  in  wood  preservation 

(127)  A  general  book  on  "Umber  pests  and  diseases",  has  been  published 

(128) !  Two  papers  were  presented  at  the  New  York  Conference  ( 1 970 )  on  the 
subiect  of  wood  deterioration.  Stamm  (129)  discussed  five  types  of 
deterioration,  thermal  degradation;  hydrolysis;  light  catalysed  oxidation; 
action  by  organisms  and  physical  degradation.  Recommendations  are  made  for 
the  preservation  of  historic  objects.  Hickin  (l30)  discusses  wood  destroying 
insects  relevant  to  works  of  art.  The  ICOM  publication  "Problems  of 
Conservation  in  Museums"  deals  with  wood  deterioration  and  treatment  (1131. 
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Ins  e  c  ts 


The  F.P.R.L.  (U.K. )  have  revised  a  series  of  leaflets  on  a  variety  of  wood 
destroying  insects:  Lyctus  Powder-Post  beetles  ( 1 31 ) ;  the  House  Long-Horn 
beetle  ( 1 32 )  ;  the  Death-Watch  beetle  ( 1 33 ) *  and  the  Common  Furniture 
beetle  (l34). 

Linscott  (135)  discusses  the  reasons  for  the  increase  in  furniture 
beetle  (Anobium  pune  ta  turn)  attack  in  the  U.K.  She  believes  that  at  least 
half  the  buildings  in  the  U.K.  have  infestations  of  the  beetle.  Hickin 
(136)  believes  that  attacks  will  increase  in  the  United  States.  The 
beetle  was  initially  carried  to  the  tt^-î s+n-K»«  Now  ana 


Australia  in  furniture  shipments. 


beetle  attack  and  its  prevention  and  cure. 

French  ( 1 38 )  reports  the  effect  of  temperature  and  humidity  on  the  life- 
cycle  of  the  beetle. 


The. geographical  range  of  the  European  House-Borer  (House  Long -Horn 


beetle  —  Hylotrupes  bajáLus)  is  now  reported  to  be  worldwide  in  areas  where 
softwood  timber  is  grown  or  used  (  1 391  -  Its  incidence  in  Sweden  is 
recorded  (140),  this  apparently  being  linked  to  humidity  levels.  Yates 
(141)  describes  the  use  of  radiography  in  studying  the  attack  of  the 
beetle  in  wood  in  houses.  Baker  (l42)  reports  on  the  increase  in  Lyctus 
Powder-Post  beetle  attacks  and  the  reasons  for  this.  He  also  describes  the 
attack  of  wood-boring  weevils  in  buildings  (  1 43 )  •  “friese  have  long  been 
thought  to  attack  only  damp  decayed  wood  but  they  are  now  attacking  sound 
wood  in  south-east  England,  accounting  for  one  fifth  of  all  insect  attack 
in  houses.  Both  grubs  and  adults  tunnel  and  many  never  emerge  resulting 
in  damage  without  external  evidence. 

Eight  wood-damaging  insects  which  occur  in  Sweden  are  described  ( 1 44 ) • 
Waidner  ( 1 45 )  reports  on  the  introduction  of  several  wood-destroying 
insects  into  Germany  in  furniture  imported  from  India. 

Two  books,  "Termites,  a  world  nroblem"  (l46)  and  "Termites,  their 
recognition  and  control",  (l47;  have  been  published.  Much  of  the  material 
in  the  former  of  these  previously  appeared  as  a  series  of  papers  (148-157). 


Control  of  Insects 

Insecticides  are  included  in  a  general  book  on  chemicals  for  pest  control 
(l58).  Another  book  ( 1 59 )  describes  the  action  and  metabolism  of 
insecticides. 

A  paper  (l60)  describes  preventative  and  curative  treatment  for  both  insect 
and  fungal  attack  in  buildings.  Another  (  1 6 1  )  describes  the  prevention  of 
insect  and  fungal  attack  of  wood  and  paper  and  discusses  the  alteration  of 
wood  by  gamma-rays.  The  control  of  wood-destroying  insects  in  buildings 
is  described  (l62). 

The  control  measures  available  against  the  common  furniture  beetle  are 
reviewed  ( 1 6 3 )  with  specific  reference  to  Australian  conditions. 


The  F.P.R.L.  (U.K.)  revised  their  leaflet  ( 1 6 4 )  on  insecticidal  smokes 


(y ~BBC  and  dieldrin)  for  control  of  wood-boring  insects.  Gamma-BHC  is  said 
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to  be  more  effective  than  dieldrin.  Harris  assesses  insecticidal  smokes 
(I65),  the  use  of  dichlorvos  vapour  ( 1 66 )  and  dichlorvos  strips  (l67,167a)  for 
the  control  of  woodworm.  Stevenson  ( 168)  also  assesses  the  use  of 
dichlorvos  in  the  form  of  slow  release  generators. 


The  changing  attitudes  to  the  use  of  insecticides  is  of  considerable 
importance  when  a  choice  of  which  to  use  is  to  be  made.  The  use  of  D.D.T. 
is  now  banned  or  discouraged  in  many  countries.  Organo-c hi orine 
insecticides  vary  in  tocicity, y -3.K. C.  (lindane)  being  of  low  toxicity 
The  older  dieldrin  is  safe  as  are  the  natural  products  pyrethrin  and 
derris.  Dichlorvos  (an  organo-chl orine)  particularly  in  the  form  of  vapour 
strips  has  been  recommended  and  considered  absolutely  safe.  This  has 
recently  been  queried  (l69).  The  strips  release  Dichlorvos  continuously 
and  slowly  into  the  atmosphere  giving  a  permanent-  low  level  of  insecticidal 
vapour  over  several  months.  It  is  considered  undesirable  to  allow  any 
chemical  to  continuously  pollute  the  atmosphere  in  this  way  although 
dichlorvos  itself  is  rapidly  degraded  and  in  that  sense  is  more  desirable 
than  highly  persistent  D.D.T.  Dichlorvos-smokes  do  not  have  this  dis¬ 
advantage  as  they  can  be  used  at  intervals  and  the  rapid  degradation  of 
the  insecticide  makes  it  possible  to  fumigate  a  room,  closing  it  for  two 
or  three  days  until  the  compound  has  disappeared. 

The  fumigation  of  movable  objects  in  a  fume-chamber  is  probably  the  safest 
and  most  desirable  way  of  dealing  with  insect  attacks,  although  no 
permanent  resistance  is  conferred.  If  this  is  impossible  the  objects  can 
be  treated  individually  by  painting  on  liquid  insecticides.  Attacks  in  the 
constructional  members  of  rooms  should  be  dealt  with  by  fumigation  with 
smokes  such  as  dichlorvos  at  intervals  when  the  room  can  be  closed  and 
sealed  for  at  least  forty-eight  hours.  The  F.P.R.L.  (U.K. )  leaflet 
recommends  that  this  should  be  continued  (using  ^-B.H.C.  or  dieldrin)  at 
the  time  of  emergence  of  wood— worm  beetles  (Anobium  nunc  ta  turn)  for  five  to 
ten  years  Or  until  no  further  beetles  are  seen.  No  insecticidal  smoke  can 
penetrate  all  the  bore— holes  so  that  some  grubs  and  eggs  escape  the  treat¬ 
ment  and  remain  a  source  of  infestation,  the  numbers  being  reduced  at  each 
treatment.  In  the  U.K.  some  companies  which  treat  insect  and  fungal  attack 
guarantee  the  treatment  for  twenty  years  which  means  that  persistent 
insecticides  (and  fungicides)  have  to  be  used.  In  buildings  containing 
valuable  and  important  objects  the  complete  and  guaranteed  removal  of  all 
wood-damaging  insects  by  persistent  insecticides  must  be  weighed  against 
the  possibility  of  a  few  insects  remaining  as  a  source  of  infection  of 
movable  objects  after  the  use  of  a  non-persistent  insecticide. 

The  use  of  "Vapona"  dichlorvos  strips  (and  other  similar  products  now  coming 

onto  the  market)  should  be  restricted  to  stores  where  infestation  may  occur  * 

but  where  museum  staff  do  not  regularly  work.  Until  the  situation 

regarding  this  insecticide  is  clarified  its  use  in  strip  form  cannot  be 

recommended. 


Fungal  Attack  &  Control 

Fungal  attack  should  not  occur  in  museums,  but  the  need  for  a  method  of 
evaluating  wood  preservative  treatment  has  long  been  felt.  Many  museums 
now  show  movable  wooden  objects  in  the  open  air  or  in  only  semi-protected 
conditions,  so  several  papers  dealing  with  preservative  evaluation  will  be 
mentioned  here. 
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Cockroft  (170)  deals  generally  with  timber  preservatives  (fungicides)  and 
the  methods  of  treatment  available.  Heertjes  and  de  Jong  (  1 V 1  )  discuss 
reactive  fungicides  and  how  they  may  be  bound  to  wood  to  increase  their 
efficiency.  Da  Costa  et  al.  report  on  the  laboratory  evaluation  of  wood 
preservatives  (l 72, 1 73» 1 74» 1 75» 1 76 )  and  on  the  evaluation  of  fungicidal 
preservatives  for  superficial  treatment  (l77).  Gibson  (l78)  reports  on 
an  evaluation  scheme  for  fungicidal  and  insecticidal  preservatives. 

Levi  (179)  and  Smith  (l80)  describe  rapid  tests  for  evaluating  the 
fungicidal  activities  of  wood  preservatives. 

Bacterial  decay  in  wood,  the  importance  of  which  has  only  been  recognized 
in  recent  years,  is  reported  in  three  papers  by  Greaves  et  al.  ( 181, 182, 
183). 

The  use  of  ethylene  oxide  as  a  disinfectant  for  ancient  wood  has  been 
studied  (I84). 

The  toxic  hazards  from  wood  preservatives  are  discussed  by  Barnes  (l85, 

186).  In  the  ÏÏ.K.  the  safety  record  has  been  extremely  high  and  a 
survey  of  workers  in  the  wood  preserving  industry  has  indicated  that  no 
injury  or  illness  due  to  their  work  has  occurred.  Nasal  cancer  has  been 
reported  in  furniture  makers  and  wood  machinists;  the  carcinogen  is 
believed  to  be  a  natural  compound  of  wood.  Wood  dust  has  not  previously 
been  recognized  as  a  hazard  as  it  is  held  in  the  nose  and  wood  preserva tive< 
and  other  compounds  do  not  reach  the  lungs. 

In  other  countries  several  deaths  have  occurred  among  unprotected  workers 
using  pentachlorophenol  (PCP)  which  is  able  to  penetrate  the  skin.  Small 
children  are  particularly  sensitive  to  PCP,  fifteen  were  ill  and  two  died 
after  their  clothes  were  washed  in  PCP  contaminated  water.  Borates  are 
toxic  but  can  only  penetrate  through  damaged  skin.  Alkyl  tin  salts  are 
also  toxic.  The  metabolic  action  of  these  wood  preservatives  is 
described.  The  safety  precautions  laid  down  should  always  be  followed 
when  using  wood  preservatives.  The  toxicity  of  several  insecticides  is 
also  discussed. 

Jedrzejewska  (l87)  reports  on  the  influence  of  wood  protecting  agents  on 
the  destructive  process  in  antiquities.  She  found  acidic  vapours  given 
off  by  many  organic  derivatives  used  in  wood  preservation  and  reports 
that  the  process  was  accelerated  by  high  humidity,  ultraviolet  light  and 
heat.  She  warns  that  the  small  and  slow  effects  of  these  vapours  on  the 
deterioration  of  antiquities  must  be  watched  as  in  time  they  may  cause 
serious  and  irreversible  damage. 


Fumi  ture 

History.  Construction.  Restoration 

Two  books  have  recently  been  published  which  deal  with  the  recognition 
of  repairs,  restorations,  conversions  and  reproductions  of  antique 
furniture.  The  authors  are  both  cabinet-makers  with  personal  knowledge^ 
of  the  ” tricks  of  the  trade”.  Hayward  (l88)  covers  English  furniture  of 
all  periods.  He  discusses  what  to  look  for:  the  wood,  the  constructional 
techniques  of  the  periods,  period  styles  and  marriages.  He  deals  in  some 
detail  with  the  construction  of  chests,  case  furniture,  tables  and  chairs 
and  of  drawers,  doors,  legs  and  mouldings,  veneers,  inlay,  marquetry  and 
finishes.  The  book  is  well  illustrated  with  line  drawings  and  photographs 
of  types  and  constructions. 


15. 


Crawley  (l89)  deals  specifically  with  eighteenth  century  English  furniture 
und  suggests  that  a  large  amount  of  so-called  eighteenth  century  furniture 
nust  in  fact  be  reproduction  or  fake.  He  describes  his  own  experience  of 
restoring,  cutting  down  and  'faking'  and  explains  what  can  be  done.  He 
tells  where  to  look  and  what  to  look  for  when  examining  furniture.  He 
lescribes  how  a  Victorian  chest-of-drawers  was  converted  into  a  "Sheraton" 
shest-of' -drawers.  The  book  contains  a  glossary  of  furniture  types  of  the 
period  and  is  illustrated  with  photographs. 

Collier  and  Dixon,  having  been  trained  as  craftsmen,  are  both  now  college 
Lecturers  on  different  aspects  of  furniture.  Their  book  (l90)  on  mending 
md  restoring  furniture  discusses  what  should  or  should  not  be  done,  tools, 
repairs  to  cabinets,  tables,  chairs  and  surface  finishes.  A  section  is 
ievoted  to  repolishing  and  working  with  modem  materials. 

îrotz  (19I  )  describes  the  restoration  of  furniture.  The  book  is  full  of 
practical  advice  and  hints  on  how  to  do  it  (perhaps  more  for  the  amateur 
than  the  professional),  and  dispels  many  myths.  This  is  an  informative 
book  if  the  reader  can  bear  with  the  jokey  humour  long  enough  to  read  it. 

Bateman  Cl 92 )  discusses  the  transformation  and  improvement  of  Victorian 
furniture.  The  book  has  a  general  review  of  Victorian  furniture,  what 
conversions  are  possible  and  descriptions  of  some  conversions.  It  deals 
with  what  to  do  but  not  how  to  do  it. 

Joyce  (193)  has  written  a  book  which  covers  every  aspect  of  furniture 
making  for  the  craftsman.  It  is  an  encyclopaedic  text-book  of  furniture 
making  today,  covering  tools  and  workshop  equipment,  materials  of  all 
types,  technical  information  concerning  wood,  basic  techniques  and 
constructions,  examples  of  furniture  and  how  to  make  working  drawings. 
Everything  is  illustrated  with  line  drawings  and  photographs.  This  is  an 
excellent  reference  book. 

A  book  by  Gottschall  (l94)  on  the  reproduction  of  antique  furniture 
deals  exclusively  with  American  furniture  and  the  American  versions  of 
Queen  Anne,  Chippendale,  Hepplewhite  and  Sheraton  styles.  There  are 
chapters  on  fundamental  cabinet-making,  furniture  finishes  and  hardware. 
The  remainder  of  the  book  contains  working  drawings,  photographs, 
materials  required  and  details  of  how  to  make  thirty-seven  pieces  of 
furniture. 

Several  small  books  on  different  aspects  of  wood-working  for  the 
amateur  by  Hayward  (195,196,197,  see  also  188)  cover  making  furniture 
hammer  and  nails  carpentry  and  polishing  and  staining.  Collischon  ( 1 98 ) 
describes  simple  methods  of  furniture  construction  and  veneering. 

The  renewal  of  interest  in  veneering  and  marquetry  has  produced  several 
books.  Villiard  Cl 99)  has  written  a  detailed  practical  manual  of 
veneering  for  the  craftsman.  Lincoln  covers  marquetry  ia  detail  including 
including  a  section  on  the  reproduction  and  restoration  of  veneered 
furniture.  The  book  describes  and  illustrates  the  different  methods  in 
use  in  different  countries  in  the  past  and  today  (200). 

Campkin's  book  (201  )  on  marquetry  describes  how  to  do  it  for  the 
amateur  rather  than  the  craftsman. 


16. 


r  ) 


De  Pias  (202)  discusses  marquetry  in  eighteenth  century  French  cabinet  work 
and  describes  how  it  was  done  and  the  woods  used* 

A  practical  book  of  turnery  (203 )  contains  chapters  on  the  history  of  turnery 
and  tools,  modem  tools,  lathes  and  methods  and  working  drawing  and  designs 
for  modern  treenand  small  furniture.  F. P.R.L. (U.K. )  have  produced  a  book 
on  joinery  (204). 

Kilby,  a  cooper,  has  written  a  book  (205 )  about  his  craft  including 
sections  on  training,  the  different  branches  of  coopering,  machine  coopering, 
tools  and  timbers  and  the  history  of  coopering  from  its  beginnings  to  the 
present  day  when  it  is  a  dying  craft.  He  describes  all  the  articles  which 
were  and  are  made  by  coopers:  barrels,  household  and  agricultural  vessels 
and  furniture. 

A  book  on  woodcarving  for  beginners  (206)  contains  chapters  on  wood,  tools, 
sharpening  tools,  relief  carving,  chip  and  surface  carving,  plates,  dishes 
and  bowls,  carving  in  the  gound,  texture  and  finish  and  lettering. 

The ’Centre  Technique  du  Bois  has  published  three  papers  (207,208,209)  on 
stains  and  colouring  agents  used  on  furniture,  staining  and  bleaching  in 
relation  to  the  application  of  polyester  finishes  and  staining,  bleaching 
and  the  application  of  all  types  of  finishes. 

A  paper  (21 O)  deals  with  furniture  surfaces  and  finishes  of  all  types 
including  veneers  and  printed  veneer  finishes. 

Oliver  (2II)  discusses  the  development  and  structure  of  the  furniture 
Industry  from  its  beginnings  to  the  present  day.  The  book  covers  industrial 
theory  in  relation  to  the  furniture  industry  andthe  structure  and 
organization  of  the  industry  today. 

A  paper  (21 2)  reviews  research  of  interest  to  the  furniture  industry. 

The  making  of  reproduction  antique  furniture  by  six  Belgian  factories  today 
is  described  (21 3).  In  all  cases  the  furniture  is  traditionally  handmade 
but  modem  production  methods  and  accessories  are  used. 


Conservation  of  Wooden  Objects  other  than  furniture 

Conservation  techniques  used  on  polychrome  sculpture  may  sometimes  be  _ 
applicable  to  furniture  conservation  and  several  papers  are  therefore  being 
included  in  this  review.  Many  of  these  papers  were  published  in  the 
proceedings  of  the  New  York  »Conference  on  the  Conservation  of  stone  and 
wooden  objects"  (21 4)  and  in  an  issue  of  "Studies  in  Conservation"  v215) 
devoted  to  polychrome  sculpture. 


Ballestrom  (216)  prepared  a  bibliography  on  polychrome  sculpture  of  all 
types  (not  only  wood)  and  aspects  of  the  subject  (283  titles). 


Lberle  and  Koller  (217)  discuss  the  problems  and  prerequisites  of  conserva ti 
treatment  and  include  a  historical  review  of  materials  and  techniques  and  a 
critical  review  of  preservatives  and  consolidants.  Packard  I 2  )  /  n 

specifically  describes  the  consolidation  of  wood  sculpture.  Agrawal  U  9) 
[escribes  the  technique  of  construction  and  carving  of  Indian  polychrome 

sculpture  and  identifies  the  species  of  wood  used. 
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Papers  describe  all  types  of  polychrome  sculpture  in  Japan  (220),  the 
restoration  of  Buddhist  statues  (221  ),  a  traditional  method  of  repairing 
Buddhist  statues  (222)  and  the  construction  of  one  (223). 

Other  papers  describe  the  conservation  of  individual  sculptures  from  India 
(224),  Sweden  (225),  Norway  (226),  Czechoslovakia  (227,228),  Poland  (229), 
Belgium  (230,231,232),  Germany  (234)  and  Egypt  (235,236). 

Taubert  (237)  discusses  the  aims  and  techniques  of  wood  conservation  in 
general  and  stresses  the  importance  of  a  real  understanding  of  the  objects 
and  the  need  for  sensible  climatic  regulation  for  exhibitions. 

A  handbook  on  the  preservation  and  restoration  of  musical  instruments  (238) 
and  three  papers  on  restoration  and  care  of  historic  wooden  wind  instruments 
(239,240,241)  have  been  published. 

Several  papers  describe  the  technical  examination,  reinforcement  and 
conservation  of  wooden  panel  paintings  (242,243,244)  Seymour  (245)  discusses 
the  desirability  and  methods  of  retaining  the  original  panel  construction 
and  supports  of  early  Italian  paintings  so  that  historical  evidence  may  be 
available. 

The  special  problems  involved  in  the  conservation  of  ethnographical  wood 
is  described  by  Gowers  (246);  the  consolidation  of  soft  wood  artifacts  by- 
Schaffer  (247)  and  the  conservation  of  wooden  objects  from  the  Heijo 
Palace  (mainly  writing  tablets)  by  Iwasaki  and  Higuchi  (248). 

The  damage  caused  by  the  flood  in  Florence  to  wooden  works  of  art  is  des¬ 
cribed  (249)  and  also  the  conservation  of  similar  objects  after  the  Venice 
flood  (250). 

Three  Polish  papers  discuss  wood  as  a  material  in  ancient  objects  (251 )  the 
structure  of  wood  excavated  at  Szczecin  (medieval)  (252)  and  the  species 
used  in, the  manufacture  of  objects  of  everyday  use  found  during  the  same 
excavation  (253).  The  species  used  to  construct  panels  and  sculpture  ( 1 3 th— 
16th  centuries)  in  Poland  and  their  frequency  of  occurrence  is  reported  (254). 
The  species  used  for  sculpture  in  South  Poland  (l2th-15th  centuries)  with 
information  on  evidence  of  workmanship,  historic  background  and  the 
qualities  of  the  object  are  discussed  (255). 

Adhesives  for  Wood 

The  number  and  variety  of  wood  adhesives  on  the  market  today  make  the 
problem  of  deciding  which  glue  to  use  for  a  specific  purpose  increasingly 
difficult.  F.P.R.L. (U.K. )  have  produced  three  leaflets  on  aspects  of 
gluing  wood.  "Glues  for  Wood",  (256)  lists  the  glues  available,  their 
durability  and  uses.  "The  Efficiency  of  Adhesives  for  Wood",  (257) 
discusses  the  research  carried  out  over  a  period  of  up  to  twenty  years  and 
briefly  records  the  results.  A  fifth  edition  has  been  published  of 
"Requirements  and  Properties  of  Adhesives  for  Wood"  (258).  This  bulletin 
contains  durability  testing  techniques;  the  processes  by  which  glues  set 
and  a  description  of  glues  used  in  the  U.K. 

Much  research  on  wood  adhesives  today  is  directed  towards  the  gluing  of 
plywood  or  particleboard,  sometimes  using  a  specific  glue  or  a  specific 
timber.  This  work  has  little  relevance  here.  However  some  of  the  articles 
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contain  good  reviews  of  the  literature  on  gluing  and  information  on  new 
glues.  Several  of  these  papers  are  included  here. 

Halligan's  "Revue  of  recent  glues  and  gluing  research  applied  to  particle 
board"  (259)  contains  a  brief  discussion  of  adhesion  in  general  and 
sections  dealing  with  specific  aspects  of  recent  research.  Wood 
factors  relevant  to  adhesion  are  covered  _/99  titles/.  Blomguist  (26O) 
discusses  more  specifically  the  gluing  of  Southern  Pine  /53  titles/. 
Pecina  (261,262)  covers  the  more  technical  aspects  of  wood  moisture  and 
its  inter-relation  with  other  factors  in  wood  adhesion  JZ 3  titles  +  7 
titles/. 

Hse  (263)  discusses  the  properties  of  phenolic  adhesives  as  related  to 
bond  quality  in  Southern  Pine  plywood.  Thirty  six  resins  were  tested  and 
the  results  of  these  tests  are  given.  Another  paper  on  phenolic 
adhesives  (264)  discusses  how  they  may  be  tailored  to  fit  specific 
requirements. 

Shelton  (265)  reports  on  the  adhesives  used  in  plywood  manufacture  (most 
crommonly  used  glues)  and  discusses  their  advantages  and  disadvantages. 

Vick  (266)  evaluates  elastomeric  adhesives  (neoprene;  styrene-butadiene; 
rubber:  synthetic,  reclaimed  and  natural;  polyurethane,  etc.)  used  in 
construction  work. 

P»V^A.  adhesives  suffer  from  being  non-durable  under  damp  conditions, 
Vojtovic  (267)  describes  how  water  resistance  of  P.V.A.-water  emulsion 
adhesives  may  be  increased. 
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lois  ture  Relations  and  Associated  Proper  meo  of  Wood_ 


ioisture  Measurement 

There  are  three  commonly  used  techniques  for  measuring  the  moisture  content 
M.C.)  of  wood.  The  oven-drying  method  (268)  involves  th^  removal  of  asma 
sample  of  wood  which  is  weighed  and  placed  in  an  oven  at  101-105  C  until  a 
ions  tant  weight  is  obtained;  the  moisture  content  is  then: 

Initial  weight  -  dryweight  XI 00^ 
dryweight 

the  chosen  temperature  is  just  above  the  boiling  point  of  water  but  not  high 
enough  to  cause  charring  (chemical  breakdown)  of  the  wood.  It  is  not  always 
possible  to  remove  wood  samples,  or  convenient  to  wait  several  hours  or  e 

results,  and  electrical  moisture  meters  are  used  then.  There  are  .wo  mam 
types;  the  electrical  resistance  moisture  meter  depends  on  the  principle 
that  the  electrical  resistar.ee  of  wood  is  linearly  proportional  to  the  ft.  . 

3f  the  wood.  This  is  only  true  up  to  the  fibre  saturation  point  (ca  25-5C?/o 
m.C.)  (269)  above  which  an  increase  in  M.C.  has  no  effect  on  the  electrical 
resistance.  Below  7$  M.C.  the  resistance  falls  off  too  quickly  to  calibra  e 
the  meter  accurately.  Therefore  this  meter  may  only  be  used  to  record  the 
H  C.  of  wood  over  the  range  7^-25%  M.C.  This  covers  the  normal  range  of  wood 
in  use.  A  true  reading  of  M.C.  is  only  obtained  under  equilibrium 
conditions;  the  highest  M.C.  will  be  recorded  and  pockets  01  high  M.C.  or 
moisture  gradients  will  therefore  give  a  M.C.  reading  higher  than  the  true 
average  M.C.  The  meter  is  temperature  sensitive  and  corrections  mus  e  . 
made  for  this.  Two  blade  or  needle  electrodes  are  implanted  in  the  material 
to  a  depth  of  6mm;  little  damage  to  the  wood  results  from  this. 

Tne  second  type  of  meter  depends  on  the  variation  of  the  dielectric  constant 
of  wood  with  M.C . ,  using  radio-frequencies  with  two  flat  electrode  pi  e 
attached  to  either  side  of  the  wood  to  be  measured  (269).  The  dielectric 
constant  increases  in  a  non-linear  manner  with  an  increase  in  M.C.,  becoming 
almost  linear  at  the  fibre  saturation  point.  The  dielectric  constant  o 
water  is  the  limiting  factor.  It  is  sensitive  to  temperature  specific 
fi-ravity  (which  varies  with  species)  and  to  chemical  imprégnants;  the 
correction  factors  for  timber  species  are  usually  supplied  in  the  makers 
manual.  ®e  apparatus  requires  frequent  calibrations.  This  meter  in  no  way 
damages  or  marks  the  wood. 

Three  recent  publications  discuss  these  methods  of  measuring  M.C.  of  wood. 

A  French  paper  (270)  describes  the  oven-drying  and  electrical  resistance 
methods,  stressing  the  advantages  of  the  latter.  This  paper  contains  twelve 
maps  of  France  indicating  the  M.C.  of  wood,  air  humidity  and  average 
temperature  of  different  areas  for  each  month  of  the  year. 

Harrison  (271  )  describes  all  three  methods  and  discusses  the  temperature 
coefficient  and  also  the  effect  of  glues  and  preservatives  in  the  wood, 
includes  two  tables:  1.  Meter  readings  corrected  for  temperature  and 
2.  corrections  for  188  species  for  a  meter  (electrical  resistance  type) 
calibrated  for  Douglas  Fir. 

Saunders  (269)  discusses  the  types  of  meters  and  techniques  and  precautions 
”se!  Results  are  usually  indicative  rather  than  exact  and  if  accurate 
measurements  are  required  the  over-dx^  method  should  be  used.  He  gives  a 
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list  of  manufacturers  (worldwide)  producing  a  total  of  51  meters,  with  prices 
ranging  from  £12.50  to  £270.50.  The  author  discusses  in  detail  the 
precautions  to  be  taken  when  usir.r  moisture  meters,  their  advantages  and  dis 
advantages, range  of  M.C.  over  which  they  can  be  used,  etc. 

Dean  and  Bridle  (272)  give  an  account  of  trials  with  a  new  type  oi  moisture 
meter  (1969)  which  nasses  a  beam  of  microwave  energy  through  the  wood  under 
test  and  measuring  the  wavelength  losses  (attributed  mainly  to  the  presence  oí 
water-molecules).  The  most  important  advantage  of  the  meter  is  its  ability 
to  record  average  M.C.  despite  the  presence  of  pockets  of  high  or  low  M.C. 

The  equipment  is  large,  heavy  and  expensive  (ca  £500). 

Hill  and  Munkittrick  (275)  report  on  the  development  of  a  remote  moisture 
sensing  device,  for  use  in  kilns  during  drying.  The  apparatus  is  a  develop 
ment  of  the  electrical  resistance  meter. 

A  series  of  probes  are  placed  at  various  points  in  a  sample  board  or  boards 
in  the  kiln.  The  measurements  can  be  continuously  read  over  prolonged 
drying  periods  on  meters  outside  the  kiln,  the  several  probes  indicating 
the  moisture  gradients  present  in  the  boards. 

Each  probe  consists  of  a  hard  maple  element  (Acer  sacçharum)  0.07  in.sq.  by' 
0.75  in»  long  with  copper  cons tan tan  thermocouple  leads  bonded  wi 
conductive  epoxy  resin  to  one  surface  and  a  single  copper  lead  to  the  ^ 
opposing  surface.  The  leads  are  covered  with  a  shrinkable  polyolefin  woe 
and  the  whole  probe  sealed  into  a  small  hole  drilled  in  the  experimenta 
board.  The  uncovered  maple  tip  of  the  probe  is  sufficiently  responsive  to 
changes  of  M.C.  in  the  board  for  the  reading  made  upon  it  to  reflect 
accurately  the  M.C.  of  the  adjacent  board.  The  temperature  is  also  recorded. 

Koslik  (274)  has  used  the  electrical  resistance  meter  and  the  radio-frequency 
power  -  loss  meter  to  record  the  moisture  content  of  fifty  samples  of  wood 
which  were  then  oven-dried  to  obtain  an  accurate  measurement.  The  moisture 
content  determined  by  over-dzying  was  lower  than  that  obtained  by  the  power- 
1 033  meter  and  higher  than  the  resistance  meter  readings.  The  density  of  the 
wood  affected  the  power-loss  meter  readings. 

Moisture  content  of  wood  in  use 

Literature  on  the  seasoning  of  wood  is  not  relevant  to  this  review;  much 
of  the  material  is  contained  in  review  articles  such  as  Loos  Wood  drying 

review"  (275). 

Today  most  wood  is  seasoned  to  suit  its  final  environment  eg  for  a  well- 
heated  living  room  wood  is  seasoned  to  125«  M.C  ailowing  for  a^^M.C.  at 
the  end  of  winter,  and  a  14^  M.C.  m  autumn.  The  F.P.R.L.  v  •  . 

revised  a  paper  (276)  on  the  moisture  content  of  Umber  in  use  which  contains 
a  chart  indicating  the  average  M.C.  m  a  number  of  environmen  s.  e 
variations  in  M.C.  due  to  species  and  to  previous  treatment  of  the  wood  are 
small  and  can  be  ignored  except  for  very  exact  work.  The  necessity  of 
seasoning,  the  possibility  of  wood  constructions  swelling  in  new,  damp 
buildings  (where  the  M.C.  may  rise  to  180,  the  occurrence  of  fungi  when 
M.C.  exceeds  20*  and  other  aspects  of  wood  moisture  content  are  mentioned. 

„„  ( 077  )  discusses  the  changes  brought  about  by  large-scale  kiln  drying 
in  rielt  years  ^suggests  that  imported  wood  should  be  seasoned  for  use 
rather  tÄr  shipment  in  its  county  of  origin.  He  believes  that  a 
1,5+3^  M.C.  would  be  most  appropriate. 
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Fs  ou  mi  s  (278)  has  computed,  equilibrium  moisture  contents  for  wood  from 
ireather  data.  The  difference  between  these  values  and  actual  values  of  wood 
specimens  from  nearby  sites  (exposed  to  the  atmosphere  but  under  shelter) 
raried  from  0-2. 8/6.  The  computed  value  may  thus  serve  as  an  estimate  of 
expected  moisture  content.  Applying  this  method  Tsoumis  has  plotted 
Lsohygric  lines  on  two  maps  of  Europe  (for  July  and  January)  from  M.C. 
computed  from  weather  data  of  average  monthly  temperature  and  relative 

humidity. 

Simpson  (279)  has  produced  a  formula  which  can  be  used  to  predict  the 
equilibrium  M.C.  of  wood.  It  is  based  on  sorption  theory  and  data  and 
3-ives  equilibrium  M.C.  values  from  temperature  and  relative  humidity  data 
which  agree  well  with  tabulated  values.  The  use  of  this  formula  reduces 
the  need  for  tabular  data  or  computer  storage  of  large  quantities  of  data. 

Borovikov  (280)  has  presented  a  nomogram  for  calculating  the  density, 
maximum  moisture  content  and  coefficient  of  volumetric  shrinkage  of  wood. 

He  gives  examples  of  its  use. 

Keylworth  (281 )  presents  the  results  of  equilibrium  M.C.  determinations  on 
124  wood  species  at  20°C  and  37^  or  8 jfo  relative  humidity.  Using  an 
approximated  equation  intermediate  values  may  be  interpolated  and  practical 
data  for  the  hygroscopic  properties  of  wood  species  can  be  defined.  The 
equilibrium  is  not  the  same  for  all  woods  and  these  differences  may  be 
significant  for  the  extent  of  swelling  over  a  defined  climatic  change.  Fhe 
exceptionally  low  swelling  shown  by  some  wood  species  is  due  to  their  very 
low  hygroscopic! ty  and  is  much  less  than  would  be  expected  from  the  wood 
density. 

The  E.M.C.  of  thirteen  Indian  Species  of  wood  at  95  and  varying  relative 
humidities  have  been  determined  (282).  The  average  M.C.  values  during 
absorption  and  desorption  were  calculated  and  curves  drawn. 

In  Japan  (283)  the  E.M.C.  of  air  and  kiln  dried  Fagus  crenata  and  air  dried 
Crvotomeria  .japónica  in  a  shelter,  in  offices  or  in  houses  has  been  correlated 
with  temperature  and  relative  humidity  over  a  period  of  two  years  m  fifteen 

areas • 


A  detailed  study  of  the  wood-water  relationships  of  Pterocarpus  dalbergioides 
(Padouk)  has  been  made  (284).  This  wood  has  a  low  E.M.C.  (14%  at  96^  RH, 

4$  at  30$  RH  at  35$C).  It  has  traditionally  been  divided  into  three  colour 
groups  which  also  have  distinct  specific  gravities  and  are  here  shown  to 
have  quite  different  E.M.Cs.,  the  densest  wood  absorbing  least  water.  Five 
tables  are  given  relating,  variously,  E.M.C.,  density/water  a  s°rP  9 
densi  ty/shrinkage/M .  C . ,  tens!  ty/3weÍling?M .  C . .  densi  ty/swel  Wshrxnkage 

in  tangential  and  radial  sections. 

It  has  been  suggested  that  the  hygroscopici ty  of  woods  of  low  specific 
gravity  could  be  utilized  to  make  humidity  buffers  in  enclosed  areas  such  as 
packages  where  sudden  temperature  changes  occur  (285).  The  authors  have  shown 
that  some  lighter  woods  not  only  have  a  greater  capacity  to  absorb  or  give  up 
water  but  do  so  much  more  rapidly  than  do  dense  woods  (see  also  281  and  284) 
Denser  wools  show  a  considerable  difference  in  their  rates  of  absorption  and 
discharge,  the  former  being  very  low.  The  woods  suggested  are  Japanese, 
(Paulownia.  Crvotomeria,  Japanese  cypress)  but  the  reviewer  sugg 
possibility  that  woods  of  similar  character  could  be  found  m  Europe, 

America  etc. 
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Kelly  and  Hart  (286)  studied  the  absorption  and  disorption  rates  of 
Liriodendron  tulinifera  and  Quercus  alba  at  40°C  in ^ the  absence  of  air.  The 
rates  of  both  were  much  slower  than  expected  from  Fick's  diffusion  laws. 

Heat  transfer  to  the  specimen  was  important  in  limiting  the  rate  of  moisture 
change,  especially  in  desorption.  An  empirical  equation  is  developed. 

The  previous  history  of  sections  of  Araucaria  hunsteinii  proved  to  have  an 
effect  upon  the  sorption  of  water  by  the  wood  cell  walls  (287).  The  longer 
the  period  during  which  the  sample  had  been  exposed  to  a  vapour  pressure 
producing  a  M.C.  of  ca  10$  (l -1 20  hour)  the  slower  was  the  uptake  of  water 
when  the  sample  was  placed  in  a  higher  humidity,  particularly  when  the  second 
humidity  was  only  a  little  higher  than  the  first  (e.g.  from  10$  -  15%)»  The 
authors  suggest  that  some  energy  from  water  uptake  is  temporarily  stored  and 
only  slowly  released  by  the  complex  molecular  rearrangement  that  ultimately 
leads  to  the  most  stable  state.  Residual  energy  from  the  first  step  may  there 
fore  become  available  to  augment  the  energy  from  the  second.  The  speed  of 
sorption  process  is  usually  related  to  swelling  stresses  in  the  cell  wall. 

This  latest  theory  likens  the  phenomenon  to  stress  relaxation  in  the 
rheological  sense.  The  importance  of  the  sorption  and  stress  histories  of 
experimental  samples  is  emphasized. 


Shrinkage  of  wood 

Khanmamedov  (288)  reports  that  the  end  of  swelling  or  start  of  shrinkage  does  j 
not  coincide  with  the  fibre  saturation  point  but  tends  towards  the  side  of 
higher  M.C.  He  divides  the  total  M.C.  range  over  which  dimensional  changes 
of  wood  occur  into  three  sections: 

1.  Linear  relationship  from  0  -  16$  M.C. 

2.  Section  of  convex  curve  from  12  -  32$  M.C. 

3.  Section  of  2nd  convex  curve  from  24  -  55$  M.C. 

He  explains  the  process  mathematically. 

Si tova  (289)  describes  the  effect  of  temperature  on  the  shrinkage  of  wood. 
Three  species  of  wood  at  70$  M.C.  were  dried  to  7-8$  M.C.  at  60,  70,  80,  90, 
100  and  110°C  and  their  volumetric  shrinkage  determined.  The  shrinkage  of  the 
2  softwoods  increased  as  the  temperature  increased  from  60-800,  showed  no 
charge  from  80—90  and  decreased  at  the  higher  temperatures.  The  shrinkage 
of  beech  decreased  as  the  temperature  increased. 


Movement  and  warping  of  panels 

The  F.P.R.L.  note  (290)  on  the  movement  (shrinkage)  of  timber  has  been  révisée 
a  standardized  method  for  measuring  this  in  the  radial  and  tangential 
directions  is  described.  A  table  listing  nearly  two  hundred  species  gives 
the  E  M.C.  at  R.H.  90$  and  60$  and  the  corresponding  tangential  and  radial 
movement.  The  timbers  are  then  classified  into  three  groups  of  small,  medium 
and  large  movement  values. 

Hartwig  (291 )  discusses  the  possible  causes  and  prevention  of  warping  in 
coniferous  wood.  Trunks  of  Pinus  radia  ta  have  a  higher  M.C.  near  the  bark 
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bid  at  the  top  than  near  the  pith  and  at  stump  level  and  these  variations 
tre  partly  responsible  for  warping  during  seasoning.  Methods  used  in 
seasoning  are  discussed  which  would  help  to  prevent  warping. 

[utz  (292)  discusses  the  causes  and  prevention  of  buckle  in  veneers.  He 
considers  the  primary  causes  to  be  the  direction  of  slicing  (growth  stresses 
[n  the  wood),  differential  drying,  the  presence  of  tension  and  compression 
iood  and  of  irregular  grain.  He  suggests  that  it  can  be  controlled  by  care¬ 
ful  selection  of  timber,  heating  to  release  stress,  choice  of  cutting 
lirection,  dimensional  stabilisation  and  control  of  drying.  He  also  mentions 
treatment  after  drying  and  buckling. 

lamburini  (293)  describes  the  alterations  in  panel  paintings  caused  by 
variations  in  the  M.C.  of  the  wood.  Kubler  (294)  discusses  the  bowing  of 
panels  in  a  one-sided  atmosphere  (mainly  entrance  doors  to  buildings).  The 
arguments  can  be  equally  well  applied  in  the  less  extreme  conditions  obtaining 
In  furniture  panels  and  doors.  Several  methods  for  minimizing  or  avoiding 
bowing  such  as  the  use  of  thin  metal  foil  are  analysed  and  compared  technically 
and  economically. 


Longitudinal  shrinkage 

The  longitudinal  shrinkage  (.L.S.)  of  wood  is  so  small  that  it  is  frequently 
ignored.  Sadoh  and  Christensen  (295)  have  studied  L.S.  and  showed  that  it  is 
negligible  or  negative  from  green  to  12$  or  even  8$  M.C.  and  then  increases 
with  further  drying.  Comparative  figures  show  that  tangential  shrinkage 
varies  from  6-12$  of  green  dimensions  whereas  longitudinal  shrinkage  is  only 
0.4$  of  green  dimensions. 

Harm  (296)  reviews  past  work  on  L.S.  and  discusses  various  theories  which  try 
to  explain  negligible,  negative  and  positive  L.S.  at  different  M.C.  He  gives 
the  experimental  results  of  measurements  of  L.S.  on  seven  American  species. 

The  two  outstanding  characteristics  are  the  extreme  variability  shown  and  the 
negative  L.S.  which  is  some  cases  extends  to  very  low  relative  humidities. 
Neither  the  distance  from  the  pith  nor  the  density  of  the  wood  could  be 
correlated  with  the  L.S.  and  the  author  agrees  with  an  earlier  suggestion  that 
the  variation  in  microfibril  angle  in  the  cell  walls  is  the  main  cause  of 
variation  in  L.S. 

A  Dutch  report  (297)  gives  data  for  the  L.S.  of  seven  timber  species. 


Moisture  Sorption  of  excavated  wood 

Dzbenski  (298)  has  compared  the  swelling  anisotropy  (ratio  of  tangential  and 
radial  swelling)  of  excavated  oak  (  1 0—1 1  th  centuries)  with  normal  oak  and  bog 
oak.  It  was  less  in  excavated  oak  than  for  normal  oak,  but  its  moisture 
relationships  curve  was  the  same.  It  is  suggested  that  such  material  could 
be  preserved  for  museums  merely  by  careful  drying  and  dry  storage.  He  has 
also  (299)  compared  normal  oak  wood  with  oak  wood  from  excavations  (,4  -  . 

2500  years  old)  in  relation  to  its  conservation.  By  measuring  the  volumetric 
swelling  he  has  found  it  possible  to  give  directions  for  preservative 
measures.  The  chemistry,  density  and  bending  and  compression  strength  o± 
excavated  wood  of  several  species  has  also  been  studied  (300). 
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Optical  techniques  for  the  measurement  of  strain  and  movement 


■sis  ästä«1^  ä 
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investigated. 


In  Japan  photoelastic  coatings  have  been  used  to  measure  strain  (302)  in 
plywood  and  solid  beams.  The  strain  patterns  obtained  are  illustrated. 


Hoadley  (303)  has  used  a _ moire  transfer  grid  technique  to  study  compression 
set  in  restrained  wood  discs. 


Suchsland  (304)  used  an  optical  comparator  to  determine  linear  expansion 
a  traction  of  wood  products.  The  instrument  reduces  the  need  for  cal 
bration  and  eliminates  the  difficulties  associated  ^^^urements  requiring 
-Dhvsical  contact  between  the  specimen  and  a  gauge.  Ehqpansion  an 
contraction11  can  be  measured  to  lO^in/in  ±  20^in/in.  The  theory  and 
calculations  are  included. 


Wood  rheology 

Schniewind  (305)  reviewed  progress  in  the  study  of  wood  rheology  m  1968. 


In  1969  research  in  wood  rheology  was  assessed  (306).  The  authors  discuss  I 
the'  favoured  lines  of  research  and  suggest  that  future  research  should  be  can-J 
centra tet^on  filling  in  the  existing  gaps.  They  criticize  creep  experiments  I 
where  far-reaching  conclusions  have  been  based  on  studies  lasting  only  hours 
minutes!  ^suggest  that  the  study  of  deflections 
changing  M.C.  and  repeated  cycles  snould  take  high  priority.  y 

orSfSfe  the  use  of  specimens  free  from  defects  in  all  experiments  where 
their  presence  would  be  useful  and  informative. 


Buck  (309)  has  applied  rheology  to  the  treatment  of  panel  paintings.  He 
discusses  types  of  warping,  bending,  elasticity  and  pías  îcity, 
rheological  behaviour  of  wood  and  describes  experiments^  ^rheologi^ 

succlssf!!0 treataent°of  a  paLl'  pointing  attkbuted  to  Rubens  to  remove  a 
concave  warp. 


m„„v  nf-  the  lara:e  number  of  papers  published  on  studies  of  creep  and  wood 
rheology'  are  not  relevant  (e.g.  experiments  conducted  under  1 

condi tions ,  during  drying  from  the  green  state,  during  drying  after  boili  g 

in  water,  after  ovendrying,  etc.). 


Fuiita  ("508)  has  revised  the  recent  literature  on  the  effect  of  applying 
teLile  stress  to  wood  on  its  behaviour  (including  deformation  and  checking)) 
during  drying  in  relation  to  wood  rheology. 


are  presented  in  tables,  graphs  and  nomograms. 

Chow  (3IO)  has  studied  the  deflection  of  composite  furniture  panels  (particle) 
board  and  walnut  veneer)  under  constant  bending  stress  and  various  M.C.  He 


25. 


nd  that  a  reliable  long  term  creep  prediction  could  be  made  from  creep 
its  lasting  10-100  minutes.  The  panels  had  only  about  one  quarter  of  the 
ep  resistance  of  solid  walnut  panels  of  the  same  thickness.  Veneer  on 
|h  sides  of  the  panels  increased  their  resistance  to  one  half  or  three- 
.rters  of  that  of  the  solid  panels. 

istak  (3II)  describes  the  effect  of  M.C.  changes  on  the  rheological  properties 
Scots  Pine  wood  compressed  across  the  fibre.  The  fibres  were  compressed 
igentially  or  radially  at  four  different  levels  of  compression  for  twelve 
1rs  and  the  M.C.  was  increased  at  intervals  relative  to  the  initial  M.C. 
which  it  has  been  conditioned.  He  lists  the  conditions  under  which  detor¬ 
sión  occurred.  The  changes  in  M.C.  may  intensify  the  creep  or  sometimes 
'tially  arrest  it.  Deformation  generally  increased  with  increases  in  M.C. 

L  load.  Wood  compressed  in  the  radial  direction  shows  a  tendency  to  creep 
'e  than  tangentially  compressed  wood  under  the  same  conditions. 

jzkovski  (312)  studied  the  effect  of  relatively  rapid  changes  of  M.C.  on 
ïep  and  found  increases  in  the  creep  process  caused  by  a  combined  effect  of 
temal  forces  and  moisture  stresses.  Depending  on  the  conditions  during 
5  process  (loa£,  increase  or  decrease  of  M.C.)  a  total  failure  or  the 
ibilization  of  the  creep  can  occur  at  a  level  which  approximately  corres- 
ids  to  that  before  changing  the  M.C.  of  the  wood.  An  attempt  is  made  on  a 
pothetical  basis  to  explain  the  observed  phenomena  which  leads  to  the 
^gestion  that  the  creep  process  is  invariably  accompanied  by  failure. 

cker  and  Reiter  (313)  studied  the  relaxation  of  bending  stress  in  a  beech- 
od  beam  loaded  at  one  end  in  a  climatic  chamber  under  controlled  conditions 
humidity  and  temperature.  M.C.  varied  from  7-20$  and  temperature  from 
°-90°C  for  periods  of  50  hours.  Relaxation  processes  show  a  marked  increase 
th" increase  in  M.C.  and  temperature  and  are  shown  graphically  in  relation  to 

me. 

ress  relaxation  has  also  been  studied  during  the  absorption  of  water  in 
pan  (314).  The  relaxation  was  less  during  constant  M.C.  (range  of  1y°-24 7° 
sted)  than  during  absorption  when  the  relaxation  modulus  decreased  rapidly 
d  then  increased  slightly.  It  is  concluded  that  the  relaxation  depends  on 
f fusion  of  water  vapour  and  is  affected  by  internal  stresses  set  up  by 
is ture  gradients. 

the  (3I5)  has  investigated  the  influence  of  load  under  cycling  clñmates  on 
Le  deformation  of  wood  (constant  temperature,  relative  humidity  3Q^-9W. 

.  observed  an  increase  in  deflection  during  the  drying  periods  and  a 
►crease  during  moistening.  The  assumption  was  made  that  by  means  of  water 
•ansport  during  drying  some  cellulose-water-cellulose  bonds  are  opened  and 
ien  reformed  at  other  sites  under  the  influence  of  the  external  load.  At 
gh  loads  the  coherence  of  the  wood  tissue  can  be  weakened  so  much  by  the 
iening  of  bonds  that  defects  in  the  fine  structure  can  be  observed  with 
Lght  microscope. 

:ossman  (31 6)  describes  two  methods  by  which  wood  samples  can  be  weighed 
¿ring  rheological  tests  to  determine  changes  in  M.C. 


26. 


Moisture  Barriers 


A  review  of  wood/coating  interactions  briefly  describes  wood  structure  and 
chemistry  and  discusses  the  work  already  done  and  the  importance  of  the  study 
of  wood— polymer  interactions  (337)»  the  porosity  of  the  cell  walls  in  dry 
wood  is  2-4$  as  compared  with  25$  for  water  swollen  wood,  swollen  wood  allows 
the  penetration  of  various  polymeric  materials.  The  force  of  adhesion 
between  the  wood  and  its  coating  is  usually  explained  in  terms  of  intimate 
contact  between  the  polymer  and  the  wood  but  if  outer  surfaces  only  are 
considered  this  does  not  account  for  the  total  force  of  adhesion.  It  is 
suggested  that  diffusion  of  polymer  into  the  cell  wall  takes  place  the 
resulting  entanglement  increasing  the  force  of  the  adhesion.  In  this  case 
the  factors  affecting  the  adhesion  would  be  the  depth  of  penetration  into  the 
wood  substance,  the  strength  of  the  covalent  bond  in  the  polymer  chain  and  the 
strength  of  the  wood  substance  just  below  the  penetrated  area.  Further 
penetration  into  the  inner  volume  of  the  cell  wall  could  act  as  a  dimensional 
stabilizer,  this  is  important  because  differential  movement  between  the  wood 
and  its  coating  is  a  prime  factor  in  the  breakdown  of  adhesion  during 
weathering.  The  author  suggests  that  more  knowledge  of  the  penetration 
obtained  and  the  interactions  occurring  could  lead  to  controlled  penetration 
by  a  selected  coating  which  would  give  increased  stability  and  durability.  The 
relationship  between  surfaces  and  coatings  on  paper  and  wood  was  the  subject,  of 
a  Symposium  held  in  1967  (338)»  The  flow  properties  of  latex,  concentrated 
solutions  and  polymers  and  fibrous  suspensions  were  the  subject  of  one  section, 
another  being  molecular  forces  at  interfaces,  absorption  from  solution  and  wettin 
of  solids  by  liquids  and  the  significance  of  hydrogen  bonding  at  the  surface  of  a 
cellulose  network  structure,  and  the  third  mechanisms  of  the  wet  strength 
development  of  paper.  The  surface  characteristics  of  wood  and  cellulose,  methods 
of  wood  finishing,  pigmented  coatings  and  polymer  films  as  coatings  were  also  dis¬ 
cussed  (see  339).  A  method  of  studying  the  various  types  of  interface  between 
wood  and  adhesive  and  lacquers  using  scanning  and  transmission  electron  micro¬ 
scopes  has  been  described  and  illustrated  with  photomicrographs,  a  polyester 
laoqter  was  used  in  the  study  (340).  Criteria  for  judging  the  quality  of  a  surface 
to  be  coated  are  discussed  and  the  factors  that  lead  to  poor  performances  iden¬ 
tified  (34I).  It  is  possible  that  the  stiffness,  thickness  and  elastic  modulus  of 
the  coating  can  be  adjusted  to  suit  the  nature  of  the  base  material  and  the 
choice  of  a  suitable  material  is  illustrated  by  examples.  This  work  was 
mainly  carried  out  on  particle  boards  and  is  of  more  importance  in  commercial 
practice  than  conservation  work. 


The  effect  of  wood  structure  on  the  durability  (in  the  sense  of  having  good 
adhesion,  that  is  lack  of  tendency  to  flake)  of  paints  applied  to  it  has  also 
been  considered  (342)  and.  it  was  found  that  surface  texture  of  the  timber  as 
well  as  its  stability  was  important.  The  durability  of  clear  coatings  on 
wood  species  which  have  a  fine  surface  texture  was  better  than  on  those  wi 
a  coarse  texture  and  greater  dimensional  stability.  The  best  performance 
being  on  timbers  with  a  fine  surface  texture  and  good  dimensional  stability. 

The  blistering  of  paint  on  pine  wood  was  also  found  to  be  influenced  y  e 
wood  structure  (343).  Hear twood  gave  more  blistering  than  sapwood,  radially 
sawn  more  than  tangential,  the  density  of  the  annual  rings  had  no  effect  m 
hear  twood  but  in  sapwood  with  dense  annual  rings  radially  sawn  planks  &a_ve 
more  blistering  than  other  combinations  although  in  general  the  higher  e 
density  of  the  timber  the  lower  was  the  blistering.  Pretreatment  of  the  wood 
by  soaking  in  water  at  different  pH*s  and  temperatures,  treating  with  steam, 
heating  and  soaking  in  ethanol  solutions  led  to  the  conclusion  .... 
extractable  constituents  of  the  wood  which  diffuse  to  the  wood-paint  inter 
face  under  the  influence  of  heat  or  moisture  or  both  in  combination  are 
responsible  for  the  blistering  of  the  paint  rather  than  heat  or  moisture  a  one. 
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a  study  of  the  causes  of  adhesion  failure  of  epoxy  resin  coatings  on 
)d,  stresses  developing  during  curing  at  room  temperature  were  detected 
polarized  light.  The  effect  of  film  thickness,  specimen  thickness, 
rree  of  dilution  with  solvent  and  growth  ring  structure  are  described  and 
Lustrated  (344), 

)ther  surface  factor  affecting  the  durability  of  paints  on  timber  which  has 
in  studied  is  the  temperature  reached  by  the  wood  just  below  the  surface  of 
i  coating.  The  effect  of  colours,  matt  or  glossy  surfaces  were  measured 
L  temperatures  ranging  from  40  to  80°C  detected  in  summer  sunshine, 
isurements  were  made  at  different  depths  in  the  wood.  The  effect  on  the 
[•ability  of  the  coatings  was  discussed.  (345)  (346). 

review  of  the  requirements  for  various  types  of  polymer  films  for  use  as 
i  tings  (339)  gives  permeability  figures  for  permeability  to  Water  and 
rgen  of  different  polymer  films.  Polymer  films  applied  from  a  melt  may 
re  different  properties  from  the  same  polymer  when  cast  from  a  solution  by 
iporation  of  a  volatile  solvent.  The  time  to  establish  equilibrium  is 
)ortant  in  measuring  permeability,  for  example,  thin  films  of  nylon  take 
_y  1 5  days  to  reach  equilibrium,  thick  ones  may  take  over  100  days.  (Even 
days  is  a  long  time  when  considering  the  effect  of  the  rapid  fluctuations 
humidity  which  take  place  in  a  museum  gallery  -  reviewer's  note). 

.atively  small  changes  in  the  chemical  nature  of  a  polymer  affecting  the 
>unt  of  polarity  change  the  permeability  of  the  material,  for  example, 
mging  the  acetyl  content  of  cellulose  acetate  from  34-43$  changes  the 
nneability  by  a  factor  of  ten,  oxidation  of  polythene  (only  0.6$  by 
Lght)  changes  the  permeability  by  a  factor  of  five.  The  hydrophilic  or 
Lrophobic  nature  of  the  film  affects  the  permeability,  for  example,  hydro- 
Llic  polyvinyl  alcohol  is  4000  times  more  permeable  than  hydrophobic  poly- 
3ne.  But  the  permeability  is  a  combination  of  two  factors,  the  solubility 
the  permeant  (substance  passing  through  the  film,  usually  water  vapour  in 
auseum  context)  material  in  the  polymer  and  the  mobility  of  the  permeant 
Lecule  in  the  polymer  film.  The  mobility  of  the  water  molecule  in  a  poly- 
lyl  acetate  film  is  eighteen  times  smaller  than  in  polythene  but  the  number 
molecules  sorbing  and  diffusing  in  the  polymer  is  eight  thousand  times 
îater  in  a  polyvinyl  alcohol  film  than  in  a  polythene  film  (339). 

3  influence  of  the  solvent  on  the  permeability  of  films  which  are  applied 
am  solution,  such  as  paints  and  lacquers,  has  been  studied.  It  was  found 
it  the  polarity  of  the  solvent  has  a  definite  influence  on  the  permeability 
the  film  (when  the  solvent  has  completed  evaporated).  The  closer  the 
mctural  similarity  between  the  resin  and  the  solvent  the  lower  the  water 
pour  permeability,  differences  of  20-50$  were  found.  This  difference  is 
isidered  to  be  due  to  the  fact  that  the  orientation  of  the  molecules  in  the 
Lm  could  be  influenced  by  the  nature  of  the  solvent,  favourable  molecular 
Lgnment  (for  low  water  vapour  transmission)  being  obtained  when  the  resin 
1  the  solvent  are  structurally  similar  (347). 

soretical  studies  of  the  permeability  of  paint  films  to  water  and  water 
pour  (348)  have  shown  the  permeability  to  be  determined  by  two  processes 
3e  also  (339)  l).  Diffusion  characterised  by  the  diffusion  coefficient, 

3  mobility  of  the  permeant  molecule  in  the  film  2)  absorption  characterised 
the  solubility  coefficient,  the  solubility  of  the  permeant  molecule  in  the 
Lm.  The  permeability  coefficient  is  a  product  of  the  diffusion  and 
Lubility  coefficients,  the  diffusion  coefficient  is  difficult  to  measure, 

3  other  two  can  be  measured  by  standard  methods.  The  theory  of  permeability 


involving  this  three  stage  process,  sorption  of  the  permeant  molecule  (water 
vapour  or  gases)  into  the  surface  of  the  polymer  film,  then  diffusion  to  the 
other  surface  and  desorption  from  the  film  has  been  described  in  many 
reviews  of  the  permeability  of  polymer  films.  (349,350,351,357,368). 

Perera  (349)  found  the  permeability  coefficient  not  to  be  constant  but  to  be 
dependent  on  the  water  concentrations  inside  the  film.  His  experiments  were 
with  non— pigmented  films  of  hydrophobic  and  hydrophilic  materials. 

Permeation  measurements  give  the  permeability  coefficient  which  includes 
both  diffusion  and  sorption  coefficients  which  may  act  in  the  same  but  also 
in  opposite  directions.  In  the  case  of  hydrophilic  films  where  swelling  is 
caused  by  sorption,  of  the  water  vapour  the  rate  of  diffusion  of  water  vapour 
may  be  increased  or  decreased  depending  on  the  structure  of  the  polymer. 
Lebovite  (351 )  describes  the  permeation  process  as  transport  due  to  permeant 
dissolving  in  the  permeable  membrane  on  the  high  concentration  side  then 
diffusing  towards  the  low  concentration  side;  a  process  which  depends  on  the 
formation  of  holes  in  the  plastic  network  due  to  thermal  agitation  of  the 
chain  segments;  and  finally  being  desorbed  on  the  side  of  lowest  concentration, 
In  this  process  the  chemical  composition  of  the  membrane  and  permeant  is 
important  penetrants  chemically  similar  to  a  film  permeating  faster  through  it 
than  those  which  are  dissimilar.  The  nature  of  the  permeating  material  can 
make  a  difference  to  the  rate  of  permeation.  In  addition  to  the  chemical 
composition  the  size  of  the  penetrant  molecule  and  its  ease  of  condensation 
(in  the  case  of  gases)  affect  permeability  of  a  given  film.  Film  properties 
which  affect  its  permeability  to  a  particular  vapour  are  its  chemical  cross- 
linking  and  crystallinity  and  plas ticisation  and  its  degree  of  swelling  by 
the  penetrant  molecule  or  other  substance  which  may  be  present  and  sometimes 
the  previous  history  of  the  material.  If  the  network  of  the  polymer  is 
"tight”  due  to  crosslinking  or  crystallinity  or  strong  cohesive  forces  brought 
about  by  chemical  similarity  it  will  resist  the  formation  of  holes  for 
diffusion.  If  the  network  is  loose  due  to  plasticiser,  swollen  by  some  sol¬ 
vent  or  the  chemical  structure  contains  double  bonds  diffusion  will  be  easier. 
Temperature  increases  permeability  exponentially  if  the  permeant  does  not 
swell  the  membrane  but  is  more  complex  when  swelling  occurs  due  to  increasing 
condensation  and  solubility,  the  plasticizing  effect  then  increasing  per¬ 
meation  (351,358).  Lebovite  (351)  says  that  the  permeability  of  a  given 
polymer  film  can  be  calculated  in  simple  cases  and  this  possibility  is 
mentioned  in  other  papers.  Hennessy  et.  al.  (352),  quotes  the  example  of  a 
vinyl  chloride/ vinylidene  chloride  copolymer  where  the  permeability  can  be 
correlated  with  the  chemical  composition  (353,354,355,356).  They  also  found 
permeability  to  increase  with  temperature  except  in  the  case  of  hydrophilic 
films  such  as  nylon  and  polyvinyl  alcohol  where  the  effect  is  reversed  for 
water  vapour.  Also  of  interest  is  the  finding  that  the  same  type  of  polymer 
from  difference  manufacturers  may  have  different  permeability  probably  to 
differences  in  crystallinity,  plasticiser  content  and  chain  length.  A 
correlating  parameter  called  "permachor"  has  been  derived  from  the  measurement 
of  oxygen  permeability  and  knowledge  of  the  structure  of  polymers.  Using  the 
"permachor"  the  oxygen  permeability  can  be  predicted  to  within  10$  of  the 
observed  value.  Properties  of  the  polymer  such  as  chemical  nature,  backbone 

structure,  side  chains  etc.  and  morphological  considerations  such  as 
crystallinity  are  incorporated  to  give  a  numerical  value  which  when  inserted 
in  the  derived  equation  gives  the  oxygen  permeability  at  25°C.  Less  precise 
relationships  were  derived  to  estimate  COp  and  Np  permeabilities  but  water 
vapour  was  not  included  in  this  work  (probably  the  permeability  to  water 
vapour  would  be  more  complex  due  to  its  ability  to  swell  many  polymer  films 
-  reviewer's  note)  (355). 
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(  effect  on  permeability  to  water  vapour  of  stretching  a  polyurethane  resin 
|nt  film  has  been  measured  to  simulate  stressing  in  service  as  a  wood 
iting  (359).  It  was  found  that  the  permeability  to  water  vapour  was 
hanged  at  0.2%  elongation  but  at  elongations  above  ohis  increased  sharply 
turning  to  the  original  value  when  the  stress  was  released  even  after  10 
1rs  in  the  stretched  position.  With  ethanol  vapour  the  permeability  was 
lependent  of  elongation.  To  explain  this  finding  it  is  postulated  that 
rersible  expansion  of  the  polymer  network  takes  place  under  stress. 

L6  (36O)  has  found  that  the  permeability  of  moisture  through  a  paint  film 
a  wood  surface  is  different  from  that  of  the  free  film  and  suggests  that 
3  swelling  of  the  wood  base  caused  by  adsorption  of  moisture  expands  the 
Lnt  film  and  that  subsequently  this  expansion  gives  rise  to  high  permeability 
the  paint  film  on  the  surface.  This  result  agrees  with  the  work  in 
Terence  (359)  and  shows  that  permeability  measurements  normally  carried  out 
detached  films  may  not  give  the  same  results  as  those  obtained  in  practice 
substrates. 

-  permeability  of  multicoat  films  has  been  shown  by  several  authors  to  be 
Lated  to  the  passage  of  water  through  the  least  permeable  film  (361).  Paint 
stems  having  a  primer  able  to  sorb  more  moisture  than  the  topcoat  retain 
at  moisture  for  longer  periods  of  time  than  when  the  topcoat  has  sorption 
ual  to  or  greater  than  the  primer  (362).  This  retained  moisture  may  be 
fficient  to  produce  conditions  that  are  conducive  to  mold  growth  and 
rrosion.  Sorption-desorption  studies  have  shown  that  moisture  readily 
sses  into  a  paint  film  but  that  the  rate  of  desorption  depends  upon  the  type 
vehicle  and  its  pigmentation.  Some  paint  films  were  found  to  gain  7-10% 
volume  moisture  at  65^  relative  humidity  and  this  maybe  related  to  other 
thors  findings  that  accelerated  mold  growth  and  corrosion  takes  place  above 

This  author  suggests  that  further  investigation  could  establish  a  moisture 
ntent  limit  applicable  to  the  mold  and  corrosion  resistance  of  paint  films 
62). 

rrelations  between  the  measured  water  vapour  permeability  and  the  durability 
the  films  as  paint  coatings  have  been  found  by  several  authors.  McBane  (363) 
und  good  correlation  between  the  durability  of  paints  and  their  diffusion 
(efficients  but  an  anomolous  relationship  to  permeability  coefficient, 
lasured  permeability  coefficients  for  supposedly  permeable  and  impermeable 
►atings  did  not  differ  veiy  much  but  there  were  considerable  differences  in 
>rption  which  might  explain  the  greater  protection  given  to  metals  by  some 
>a tings.  Pigmentation  of  the  film  to  a  high  pigment  volume  content  was  found 
>  increase  the  water  vapour  permeability  (364).  The  permeability  to  water 
ipour  of  various  paint  systems  was  measured  when  the  films  were  new  and  after 
»a the ring  for  different  periods.  It  was  found  that  permeability  data  provided 
sasonably  good  criteria  for  judging  the  performance  of  the  systems  tested 
)aint  systems  for  wood).  In  most  cases  the  permeability  varied  inversely 
i th  film  thickness  and  directly  with  the  duration  of  exposure  (365). 

>asurement  of  the  permeability  of  detached  films  of  primers  and  complete  paint 
/■stems  were  measured  and  correlating  these  with  paints  on  wood  it  was  found 
lat  certain  primers  became  more  effective  as  liquid  water  barriers  when  used 
re r  a  water  repellan t  treatment  but  lead  primers  were  found  to  be  more 
rfective  than  water  repellents  (366). 

tplanations  of  some  of  these  results  can  be  found  in  the  studies  by  Perara 
rid  Heertjes  (367)  on  the  water  transport  through  paint  films.  They  describe 
he  theory  of  permeation  and  explain  the  variation  which  they  found  in 
ermeability  coefficient  with  concentration  of  water  vapour  as  being  due  to 
orresponding  changes  in  the  solubility  and  diffusion  coefficients  on  which  it 
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depends.  The  differences  in  the  diffusion  coefficient  values  obtained  from 
steady  state  and  transient  procedures  are  interpreted  as  proof  of  the 
presence  of  immobile  molecules  of  water  m  the  film  during1  the  permeation 
procedure.  This  and  the  dependence  of  diffusion  on  water  concentration  can 
be  satisfactorily  explained  by  cluster  theory.  Permeation  measures  the 
water  which  actively  participates  in  the  transport  process,  sorption 
measures  all  the  molecules  taken  up  by  the  film  independent  of  their 
mobility.  The  difference  between  the  values  is  explained  by  water  molecules 
being  immobilised  at  low  retention  values  by  specific  interaction  with  polar 
groups  or  by  cluster  formation  at  high  retentions  and  this  gives  a  more 
complete  picture  of  the  process  of  water  transport  through  films.  Then 
polymer  films  are  subjected  to  osmotic  pressure  they  act  as  semipermeable 
membranes  since  they  are  virtually  impermeable  to  solute  penetration. 

Osmotic  measurements  can  be  considered  as  an  extension  of  the  permeation 
measurements  to  the  experimental  conditions  of  a  high  water  concentration 
on  both  sides  of  the  film.  This  may  be  important  in  studies  of  the  blistering 
of  paint  on  wood.  The  incorporation  of  impermeable  inert  pigments  in  the 
paint  films  resulted  in  a  decrease  in  permeability  coefficient  with 
increasing  pigment  volume.  Where  the  pigment  formed  aggregates  then  the 
permeability  coefficient  increased  due  to  the  presence  of  air  entrapped  in 
the  film  except  where  the  pigment  interacted  with  the  film  (red  lead  -  alkydj 
where  results  were  lower  than  expected. 

Guruviah  (369)  measured  the  permeability  of  paint  films  to  oxygen  and  water 
and  related  these  to  the  corrosion  of  metal  panels  coated  with  them.  The ^ 
low  corrosion  rate  of  the  painted  panels  was  explained  by  the  slow  diffusion 
of  oxygen  through  the  film.  The  amount  of  oxygen  diffusing  through  the  film 
per  year  was  found  to  be  less  than  the  amount  known  to  be  needed  to  corrode 
mild  steel.  Permeability  to  oxygen  of  all  the  films  was  much  less  than  to 
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The  kinetics  of  moisture  transport  through  wood  and  paint  were  studied  and  the 
effects  of  the  permeability  of  the  coating  considered  for  exterior  and  interic 
paint  systems  under  varying  climate  conditions  (370)  a  similar  study  was  made 
for  wood  treated  with  preservatives  (371 ).  Wood  wetted  to  50%  moisture 
content  before  treatment  with  different  paint  systems  showed  that  irrespective 
of  the  type  of  primer  used,  wet  wood  dries  very  slowly  through  an  intact 
3  coat  paint  system  and  therefore  the  painting  of  wet  wood  or  subsequent  wate: 
penetration  through  unsealed  joints  gives  considerable  risk  of  wood  decay  137, 
These  reports  are  concerned  with  exterior  woodwork  and  are  not  directly  relate 
to  conservation  work  in  Museums. 


% 


transmission  rates  (373)» 
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;he  commercial  paints  recently  tested  for  the  preservation  of  timber  out¬ 
's,  some  emulsion  primers  (acrylics)  have  been  found  to  compare  favourably 
conventional  primers  (374),  water-repellent  treatment  has  been  found  to 
lore  durable  than  clear  varnishes  (:>75,  27c  ,  37  ¡  ,  378, 3 1 9)  • 

Lire  thane  varnishes  have  been  found  to  give  good  results  when  used  as 
ters,  and  the  importance  of  adequate  thickness  of  coating  4-5  coats  is 
►ssed  (38O).  Clear  finishes  based  on  alkyd  and  oleoresinous  varnishes 
;  been  found  to  give  better  results  than  two  pack,  moisture  curing  and 
ng  oil  modified  polyurethanes  and  epoxies  (379).  Untreated  timbers  were 
id  to  be  unsatisfactory  in  appearance  after  weathering  and  oil  based 
5r- repellent  stains  to  give  good  results  (381 )  (382).  Water  repellent  dip 
itments  have  been  found  to  stabilise  pine  window  frames  to  such  an  extent 
t  after  2  years  the  joints  show  no  more  movement  than  those  made  of 
tern  red  cedar  or  Californian  Redwood  (383). 

Lure  of  adhesives  or  lacquers  on  wood  may  be  due  to  the  effect  of 
ractives  in  the  wood  and  can  be  prevented  in  the  case  of  polyester 
Lshes  by  applying  an  insulating  layer  of  polyurethane  before  the  polyester, 
¿i table  species  or  moisture  content  of  the  wood,  ultra-violet  light  attack, 
li table  application  temperature,  glues  or  stains  can  also  cause  failures. 

lacquers  and  methods  of  application  are  described  (384,p85J. 
rect  choice  of  bleaching  treatment,  stains,  application  methods,  failures 
correction  of  these,  for  polyesters  and  other  modem  varnishes  used  in  the 
ni  ture  industry  are  described  in  a  series  of  leaflets  published  by  the 
tre  Technique  du  Bois  (386,387,388). 

improvement  of  the  performance  of  clear  coatings  for  wood  gained  by  incor¬ 
ating  ultraviolet  absorbers  has  been  shown  (389,390)  and  it  is  concluded 
t  because  of  reaction  differences  any  absorber  being  considered  must  be 
ted  in  the  particular  varnish  in  which  it  is  to  be  used.  The  use  of 
id  materials  (of  similar  refractive  index  to  the  varnish)  to  absorb  ultra 
let  light  and  prevent  the  degradation  of  clear  varnishes  has  been  inves ti¬ 
ed.  It  has  been  found  possible  to  improve  the  life  of  a  varnish  from  2  to 
years  by  incorporating  cheap  materials  such  as  flyash  (pulverised  fuel 
a  product  of  power  stations)  and  blast  and  iron  foundry  slags.  An 
itional  advantage  is  that  when  the  coating  fails  it  powders  off  rather 
,n  peeling  and  can  readily  be  recoated  (393). 

,  effect  of  light  on  lacquered  wood  surfaces  has  been  studied  using  Xenon 
’  mercury  vapour  lamps.  Methods  are  described  for  measuring  the  colour 
tnges  and  increased  hardness  caused  by  light.  The  smallest  changes  were 
md  with  polyester,  polyurethane  and  acid  catalysed  lacquers  (392). 

.gin  (393)  has  suggested  that  a  film  forming  hydrophilic  barrier  be  used 
protect  wood  against  dimensional  changes  due  to  changes  in  moisture  content 
jtead  of  the  more  usual  hydrophobic  water  barriers.  The  barrier  must  have 
^h  affinity  for  wood  and  swell  when  wet  so  that  the  capillary  system  will 
)se  and  prevent  capillary  flow  through  the  film  to  the  wood.  The 
îsibility  of  developing  a  multilayed  system  of  coatings  varying  by  steps 
Dm  an  extremely  hydrophilic  inner  coating  to  a  hydrophobic  outer  coating 
considered  and  experiments  on  such  materials  are  in  progress. 

3  permeability  of  different  plastic  films  to  water  vapour  has  been  reported 
54, 395 ,396, 397)  Polyvinyl idene  chloride  films  (Saran)  are  still  reported  as 
iring  the  lowest  permeability  to  water  vapour  of  all  the  commercially 
ailable  plastics  but  it  is  not  recommended  for  use  in  direct  sunlight  and 
periments  at  the  Victoria  and  Albert  Museum  (unreported)  have  shown  it  to 
come  brittle  in  fluorescent  light.  Flurocarbon  films  (polyvinyl  floride 
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(Tediar)  and  Kynast,  Kynar)  (398)  have  good  water  vapour  barrier  properties, 
nearly  as  good  as  Saran,  have  been  used  on  buildings  and  are  said  to  have 
outstanding  durability  to  weathering  and  light.  Until  recently  these  were 
only  available  as  films  but  recently  their  possible  use  in  paints  has  boon 
suggested  and  it  maybe  that  clear  coatings  which  can  be  applied  from  solvent 
solutions  will  become  available  and  could  find  uses  in  Museum  conservation 

(398). 


Treatment  of  wood  to  improve  the  dimensional  stability 


General 

A  general  description  of  the  chemical  and  physical  methods  used  to  improve 
the  dimensional  stability  of  wood  has  been  given  by  Laidlaw  (399)  at  the  New 
York  IIC  conference  ( 1 9T0) .  He  classes  the  methods  into  groups  similar  to 
those  used  by  other  authors  (see  our  previous  reviews  (400,401);. 


1  .  Waterproof  coatings. 

2.  Reducing  the  hygroscopicity  by  replacing  the  hydrophilic  hydroxyl  groups 
with  hydrophobic  materials. 

3.  Bonding  chemically  with  crosslinking  adjacent  cellulose  chains 
restricting  swelling. 


4  Bulking  the  fibres  with  non  volatile  materials  to  prevent  shrinkage  in  a 
dry  atmospheres.  Most  of  the  methods  used  in  museum  conservation  suchas 
impregnation  with  polyethylene  glycol,  epoxy,  acrylic,  urea  formaldehyde 
resins,  other  waxes  and  wax  resins  come  into  this  fourth  class  or  the 
first  if  the  hoped  for  impregnation  is  not  achieved  in  practice.  The 
second  and  third  classes  require  stringent  and  carefully  controlled 
conditions  of  treatment  and  are  usually  applicable  only  to  new  timber 
before  it  is  fabricated  into  objects  and  probably  cannot,  and  as  far  as 
we  know  have  not,  been  used  for  museum  objects. 


Stamm  (402)  also  at  the  IIC  conference,  has  summarised  the  methods  of 
reduction  of  deterioration  of  wood  by  dimensional  stabilisation  but  gives  I 

recommendations  for  waterlogged  wood  only  and  for  other  types  of  museum  object 
recommends  keeping  them  in  constant  humidity  conditions. 


Burmester  (403)  has  reviewed  the  problems  of  wood  structure  and  moisture 
relations  and  considers  chemical,  physical  and  mechanical  techniques  also 
including  the  dimensional  stability  of  wood  products  such  as  fibre  and  partiel 
boards,  plywood  and  other  laminates. 


Stabilisation  with  polyethylene  glycols  (PEG) 


The  method  of  stabilisation  by  bulking  (impregnation)  with  polyethylene 
glycol  has  been  in  use  for  many  years.  This  renew  will  deal  only  with  the 
use  of  polyethylene  glycol  on  relatively  dry  wood  around  5-20 %  moisture 

content. 


Recent  work  with  PEG  600  (404)  has  shown  that  PEG  does  not  penetrate  the  cell 
walls  of  dry  wood  but  that  after  swelling  the  wood  with  water,  or  when 
aqueous  PEG  solutions  are  used,  penetration  is  achieved.  The  authors  postulat 

a9-  .  -|  ,  ^  4--u0  -h-rp'atpd  wood  is  improved  because  at  low 

that  the  dimensional  stability  of  the  treated  wood  is  luipiu  , 

humidities  the  walls  remain  swollen  by  the  PEG  and  at  high  humidities  by  its 
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>us  solution  thus  maintaining  stable  dimensions.  It  was  found  that  a  PEG 
Int  equivalent  to  70-85%  of  the  normal  fibre  saturation  moisture  content 
•equired  to  prevent  shrinkage.  Aqueous  PEG  solutions  were  used  to  impregnate 
i  hardwoods  (chilanni,  gurjan,  axlewood)  substantially  reducing  the  normally 
shrinkage  of  these  species  (404)  but  the  authors  point  out  that  the 
ems  of  efficiently  treating  timber  of  commercial  sizes  have  yet  to  be 
itigated.  EVen  in  small  sizes  none  of  the  species  absorbed  enough  PEG  for 
.ete  dimensional  stability  (l5%  retention  gave  60%  antishrink  efficiency 
I  percentage  reduction  in  equilibrium  swelling  or  shrinkage  caused  by  the 
iment  i.e.  shrinkage  of  untreated  wood  reduced  to  60%  of  its  original  value) 
r  vacuum  impregnation  to  give  the  deepest  possible  penetration.  The 
.bility  of  PEG  treated  wood  sweating  at  high  humidities  is  often  mentioned. 

»  authors  found  that  this  only  occurred  at  humidities  above  80%  RH. 
tment  of  Australian  timbers  with  glycerol  and  with  polyethylene  glycols 
»d  that  significant  control  of  shrinkage  could  be  obtained.  Glycerol 
imably  because  of  its  lower  molecular  weight  and  therefore  better  pene- 
Lon  was  found  to  be  the  best  stabiliser.  The  stability  was  invariably 
jved  by  increasing  the  concentration  of  the  bulking  agent  used.  Surface 
less  was  observed  when  high  concentrations  of  bulking  agent  were  used  but 
is  considered  that  this  effect  could  be  eliminated  by  reducing  the  treated 
to  a  lower  moisture  content  (405).  The  fact  that  better  dimensional 
Llity  is  obtained  when  the  wood  was  preswollen  and  then  impregnated  was 
1  in  a  comparison  of  the  efficiency  of  treatments  with  PEG,  phenolic  resin, 
me  acrylonitrile  and  methyl  methacrylate  on  Southern  pine  species.  PEG 
found  to  give  the  best  stability  and  low  density  wood  gave  better  results 
high  density  mature  wood  as  would  be  expected  (4O6).  This  pre  swelling 
Lrement  is  often  mentioned  in  the  literature  on  dimensional  stabilisation 
'also  the  section  on  monomer  treatments)  and  could  be  dangerous  to  museum 
j ts.  In  the  National  Museum  of  Denmark  (407)  PEE  in  methanol  is  being  used 
waterlogged  wood  and  it  is  suggested  that  a  new  method  of  dehydrating  with 
Lary  butanol  and  then  impregnating  with  waxes  such  as  polyethylene  glycol 
1  be  used  on  sound  wood.  The  author  points  out  that  the  porosity  of  sound 
is  much  less  than  that  of  waterlogged  wood  which  has  been  dried.  The  fact 
greater  amounts  of  PEG: can  enter  waterlogged  wood  due  to  its  more  porous 
e  (original  hemi-cellulose  having  decayed)  may  account  for  the  greater 
ess  of  PEG  as  a  treatment  for  waterlogged  wood  than  for  dry  sound  wood, 
her  reason  for  the  greater  ease  of  impregnating  waterlogged  wood  is  due  to 
direct  replacement  of  the  water  already  present  by  the  water  soluble  PEG. 
lar  results  can  only  be  obtained  with  sound  wood  by  first  soaking  it  in 
r  or  by  treating  it  in  the  green  state. 

literature  on  the  dimensional  stabilisation  of  wood  with  PEG  has  been 
ewed  by  Schneider  (published  in  German)  (4O8).  New  work  of  his  included 
he  report  shows  that  maximum  stabilisation  96%  has  reached  at  two  thirds 
he  maximum  absorption  and  is  greater  in  the  radial  than  the  tangential 
ction.  At  atmospheric  pressure  it  was  found  that  only  water-soaked  wood 
d  be  impregnated  with  PEErcycles  of  vacuum  and  normal  pressure  were  needed 
air  or  oven  dried  wood,  air  dried  being  best  for  optimum  PEE  take— up  and 
ndional  stability.  Increasing  the  temperature  of  the  water  soaked  wood 

eased  the  PEG  uptake  and  the  dimensional  stability  obtained.  Water-soaked 
was  found  to  take  up  more  PEE  than  dry  but  dry  wood  gave  better  dimensional 
ility  per  percentage  of  PEE  content.  No  explanation  of  this  interesting 
rvation  was  given.  Measurements  showed  that  "effective  dimensional 
ility"  determined  over  a  range  of  relative  humidity  which  is  likely  to  occur 
ractice  is  smaller  than  the  'nominal'  value  conventionally  determined  on  a 
s  of  maximum  swelling  or  shrinkage  of  treated  and  untreated  wood  after 
k ng  in  water.  This  is  an  important  point.  Dimensional  stability  is  often 
ured  by  soaking  the  treated  and  untreated  wood  in  water,  which  is  an 
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unrealistic  test  for  Museum  objects  and  may  ¿jive  misleadingly  optimistic 
results.  Strength  tests  showed  that  PEG  produced  no  serious  reduction  in 
bending  and  compression  strength.  It  caused  a  retardation  in  flame  spread,  a 
decrease  in  electrical  resistance,  slight  colour  darkening  and  sometimes  an 
increase  in  the  coefficient  of  friction. 

Damage  to  complex  structures  is  related  to  swelling  pressures  as  well  as  to 
dimensional  stabilities  recorded  as  the  movement  of  free-standing  specimens. 

The  swelling  pressure  in  tangential  and  radial  directions  of  beech  impregna tec 
with  10,  12  and  4 of°  of  polyethylene  glycol  1500  has  been  determined  after 
immersion  in  water  for  three  hours  (409).  At  40 ,o  PEG  tangential  swelling 
pressure  was  and  radial  2 #  of  those  of  the  untreated  wood.  If  these 

differences  also  hold  for  humidity  changes  below  actual  soaking  then  the 
results  are  important  in  the  use  of  modified  wood;  in  that  as  well  as 
dimensional  stability  (less  swelling  and  shrinking)  the  pressure  of  any  move-, 
ment  which  does  take  place  also  being  lower  will  cause  less  damage  to  complex 
structures.  These  results  would  be  expected  in  that  PEG  treated  wood  be  aves 
like  wood  water  moistened  to  the  degree  of  swelling  caused  by  the  PEG.  Because 
of  the  bulking  effect  of  the  PEG  in  the  fibres  the  wood  is  already  swelled 
(bulked)  and  further  swelling  is  not  so  great  as  unswollen  wood  and  the 
swelling  pressures  are  lower. 


In  situ  polymerisation  of  monomers  by  radiation 


A  survey  based  on  the  world  literature  and  on  experimental  work  carried  out  by 
Czikovski  (410)  has  considered  all  the  main  aspects  of  wood/plastic  com¬ 
binations  produced  by  radiation  polymerisation.  Processing  properties  and 
economic  possibilities  are  discussed  and  polymerisation  by  radiation  compared 
with  chemical  methods  of  polymerisation. 


The  effectiveness  of  gamma  and  electron  irradiation  (l0  Mev  from  a  powerful 
linear  accelerator)  have  been  compared  (411 ).  Gamma  irradiation  (dose  200 
rad)  was  found  to  be  10  times  more  effective  than  electron  irradiation.  Highei| 
doses  were  required  to  polymerise  the  substance  (methyl  methacrylate,  vinyl 
acetate  and  styrene  monomer)  in  wood  than  for  the  monomer  alone.  Required 
gamma  radiation  doses  differed  only  slightly  between  the  different  species  of 
wood  tested  (Norway  spruce,  Scots  pine  and  beech). 


rhe  swelling  of  wood  caused  by  impregnation  with  the  monomers  couid  be  a 
Droblem  in  treating  museum  objects  and  some  papers  discuss  this.  The  swelli  g 
rate  of  wood  in  various  vinyl  monomers  has  been  measured;  loblolly  pine  was  th 
species  used  and  the  monomers  methyl  methacrylate,  styrene,  acrylonitrile, 
sttoî  aciylate  and  binary  mixtures  of  these.  It  was  found  that  the  moisture 
content  of  the  wood  had  a  dominant  effect  on  the  swelling  observed,  at 
moisture  content  the  wood  was  dehydrated  by  the  monomer  and  shrank  w. ereas 
S  moisture  content  the  wood  swelled.  The  swelling  at  low  moisture  content  wa 
exolainS  as  beir«  due  partly  to  the  wood  adsorbing  water  from  the  monomer 
Sd  Sso  to%he  r0nomerPitse?f  being  adsorbed  The  swelling  obtains  could  be 
as  much  as  '¿fo  for  very  dry  wood  but  was  normally  of  the  order  7  ( 

Sian  found  greater  volumetric  swelling  with  Basswood  impregnated  with 
methylmethacrylate,  styrene  and  tertiarybutyl  styrene;  vd«es  of  up  to  ^ 
being  observed.  When  the  monomers  were  polymerised  antishrink  efficienci^ 
of  up  to  4095  were  obtained.  The  results  were  considered  to  show  that  the 
monomer  enters  the  cell  wall  before  polymerisation.  His  comparison  ofresu 
with  literature  data  showing  that  large  differences  in  swelling 
between  different  species  probably  explains  the  differences  between  this  work 
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)  and  (412).  Alksnis  (414)  has  shown  that  oven  dry  wood  (birch)  swells 
times  as  much  in  methyl  methacrylate  as  in  styrene  but  with  increasing1 
ture  content  swelling  in  the  monomer  decreased  and  at  a  certain  point 
me  negative  which  agrees  with  the  results  given  in  ( 41 2 ) .  Preliminary 
urn  treatment  accelerated  the  uptake  of  monomer  but  did  not  increase  the 
1  amount  in  the  wood. 

udy  of  the  penetration  of  monomers  into  wood  (415)  has  shown  that  pene- 
ion  into  birch  wood  is  a  long  term  process  and  is  not  subject  to  the 
1  laws  of  diffusion.  Decreasing  the  polarity  of  the  monomer  molecule  was 
d  to  decrease  the  speed  of  its  penetration  into  the  wood.  The  penetration 
ethyl  methacrylate  alone  and  with  added  solvents  into  Hinaki  wood  in 
erent  grain  directions  under  vacuum  has  been  followed  using  a 
rescent  lye;  but  in  this  work  the  monomer  was  polymerized  with  benzoyl- 
xide  (4I6).  The  penetration  was  found  to  be  greater  axially  and  least 
a_ppy  where  the  growth  ring  boundaries  tended  to  act  as  barriers  in 
twood.  Methanol  as  solvent  caused  normally  less  permeable  rays  to  be 
trated  but  reduced  penetration  generally,  benzene  and  dioxane  showed  less 
:ed  effects.  Extraction  of  the  wood  with  benzene  and  alcohol,  removing 
ns  and  other  soluble  materials,  before  monomer  treatment  increased  the 
, tration  into  heartwood  laterally  and  also  sapwood  radially  when  added 
•ents  were  also  used.  Benzene  and  alcohol  extraction  was  used  by  another 
Lor  (404)  to  increase  PEG  penetration  into  Red  Lauan. 


temperature  increase  (50— lOO^C)  which  occurs  during  the  polymerisation  of 
monomer  in  wood  could  be  damaging  to  museum  objects.  Davies  et  al  (417) 

!  shown  that  a  10:1  reduction  in  dose  rate  lowered  the  maximum  temperature 
î  by  25°C.  Different  amounts  of  methyl  methacrylate  in  the  wood  (Red  pine 
yellow  birch)  and  different  doses  of  gamma  radiation  were  examined.  It 
found  that  the  temperature  rise  reached  a  maximum  near  the  completion  of 
polymerisation  and  could  be  used  to  indicate  the  state  of  the  reaction. 

1  increased  loading  of  monomer  the  polymerisation  rate,  which  increased 
Lng  the  reaction,  was  greater  and  the  radiation  required  to  complete  poly- 
Lsation  lower  (see  also  12). 


ies  of  the  distribution  of  monomer  in  the  wood  structure  and  examination 
he  bond,  if  any,  between  the  wood  and  the  monomer  have  continued.  Some 
ious  work  can  be  found  in  our  reviews  (400).  Whether  a  monomer  has 
trated  the  cell  walls  in  the  wood  fibre  and  former  a  polymer  there,  or 
and  whether  this  polymer  is  chemically  linked  to  the  cellulose  or  lignin 
s  physically  entangled  with  the  molecules  of  the  wood  substance  has  been 
ussed  for  some  years  now  with  no  definite  conclusions  being  drawn.  The 
,mer  which  is  used,  the  method  by  which  it  is  deposited  in  the  wood 
t tance  and  polymerised,  the  use  of  solvents  as  swelling  agents  and  manv 
:r  factors  make  this  an  extremely  complex  subject.  Timmons  et  al  (41 8  j 
;  developed  visual  methods  to  locate  a  vinyl  polymer  in  the  structure  of  a 
L  polymer  composite  and  used  autoradiography  (using  radioactive  isotopes 
jrporated  in  the  monomer)  at  the  light  microscope  and  electron  microscope 
il  to  locate  the  polymer  with  respect  to  the  cell  wall  and  its  individual 
3rs.  Solvent  exchange  impregnation  was  found  to  allow  monomer  diffusion 
)  the  cell  wall  and  subsequent  polymerisation  in  situ  with  the  greatest 
rmer  concentration  in  the  compound  middle  lamella.  Electron  microprobe 
lies  showed  that  19$  of  the  polymer  was  exchanged  into  the  solvent  swollen 
L  wall.  Oven  dried  wood  had  relatively  impermeable  cell  walls  and  pentane 
>d  wood  contained  25$  less  polymer  in  the  cell  walls  than  wood  preswollen 
1  a  solvent.  Using  the  scanning  electron  microscope  it  was  found  that  the 
mer  was  closely  associated  with  the  wood  and  altered  its  mode  of  fracture, 
1  dried  wood  cell  walls  failing  in  a  fibrous  manner  whereas  polymer 
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impregnated  wood  failed  in  a  ductile  or  brash  mode  depending  on  the  glass 
transition  temperature  of  the  polymer  (418).  Styrene  alone  was  found  not  to 
penetrate  the  cell  walls  of  the  wood  (beech)  but  did  penetrate  when  methanol 
was  used  as  a  solvent  for  the  styrene.  When  the  cell  walls  were  not  Impreg¬ 
nated  swelling  of  the  treated  wood  in  water  was  similar  to  untreated  wood, 
but  when  the  cell  walls  were  impregnated  swelling  in  water  was  considerably 
reduced  (414).  Another  report,  (419)  also  shows  that  the  dimensional  stability  I 
of  the  wood  is  determined  by  the  amount  of  polymer  in  the  cell  walls  and  that 
polymer  in  the  lumen  reduces  water  absorption  and  speed  of  swelling.  Complete 
dimensional  stabilisation  of  wood  with  s tyrene  and  methyl  methacrylate  was 
thought  to  be  impossible  because  the  free  hydroxyl  groups  in  the  wood  retain 
the  ability  to  swell  by  3-4 %.  The  amount  of  polymer  grafted  onto  the  wood 
substance  depends  upon  the  size  of  the  internal  surface  of  the  wood  accessible 
to  the  monomer  (419).  Other  Russian  work  (414)  has  also  shown  that  in  birch 
wood  a  chemical  bond  is  formed  between  styrene  and  the  lignin  during 
polymerisation.  Methanol  was  found  to  increase  the  amount  of  styrene  grafted 
to  the  wood  and  to  increase  the  mean  length  of  the  polymer  chains  grafted  onto 
the  lignin.  The  speed  of  polymerisation  of  styrene  was  found  to  be  greater  in 
wood  than  styrene  alone  and  depended  only  slightly  on  the  intensity  of  the 
radiation  (see  41 1 )  which  deals  with  the  dose  required  for  polymerisation  in 
and  out  of  wood).  Signif icantly  for  the  use  of  polymers  to  stabilise  museum 
objects,  changes  in  shape  of  the  specimens  occurred  during  the  grafting  of  the 
polymer  onto  the  wood.  However  the  specimens  were  small  to  start  with  and  were 
not  restrained  from  distorting  during  the  process.  The  existence  of  a  chemical 
bond  between  birch  wood  and  styrene  was  confirmed  by  treating  the  wood  polymer 
composite  with  acids,  alkalis,  solvents  and  by  other  chemical  reactions.  In 
these  experiments  the  polystyrene  was  considered  to  be  chemically  bonded  to  the 
lignin  and  the  carbohydrate  constituents  in  the  wood  (414).  Vinyl  acetate  was 
not  found  to  form  a  graft  copolymer  with  birch  wood  under  the  conditions  used 
by  other  experimenters  (414),  but  the  authors  considered  that  the  existence  of 
the  grafting  of  polystyrene  to  wood  was  shown  by  an  increasing  radiation  dose 
increasing  the  percentage  of  polymer  chemically  bonded  to  the  wood.  The 
addition  of  carbon- tetrachloride  and/or  benzoyl  peroxide  reduced  the  amount  of 
graft  copolymer  formed  (possibly  because  both  provide  free  radicals  accéléra tin 
the  formation  of  pure  polymer,  reviewers  comment.  With  an  increased  degree  of 
grafting  the  water  absorption  of  the  treated  wood  decreased  and  its  dimensiona 
stability  increased.  It  has  been  found  (420)  that  the  radiation  dose  needed 
to  polymerise  styrene  in  birch  wood  can  be  reduced  2p¿  fold  by  adding  5—10%  of 
vinyl  acetate  to  the  monomer  but  it  is  not  reported  whether  the  degree  of 
grafting  is  also  reduced. 

The  properties  of  wood  plastic  composite  such  as  bending,  compression  and  shear 
strength,  hardness,  sanding  properties,  and  antishrink  efficiencies  have  been 
measured.  The  bending  strength  of  Southern  Pine/methyl  methacrylate 
combinations  has  been  found  to  reach  a  maximum  at  a  polymer  loading  of  about 
0.45 g/g  and  decreased  at  higher  polymer  loadings.  Moduli  of  rupture  and 
elasticity  were  plotted  as  functions  of  untreated  wood  specific  gravity 
(polymer  loading  and  retention  were  found  to  be  inversely  proportional  to  the 
wood  specific  gravity).  In  all  cases  the  treated  wood  samples  were  found  to 
be  stronger  than  the  untreated  ones  (422).  Gamma  radiation  alone  with  no 
monomer  present  was  found  to  .have  very  little  effect  on  the  hygrosc opacity  of 
wood  exposed  to  it,  at  low  doses  the  bending  strength  was  not  affected  but  at 
high  dosages  it  declined  rapidly  (423).  Shear  strength  measurements  on  yellow 
poplar  heartwood  impregnated  with  polymethyl  methacrylate  showed  increases  in  , 
the  maximum  strength  of  66%  over  that  of  untreated  wood  when  fully  loaded  with 
polymer  and  30%  when  half  loaded.  Addition  of  plasticiser  to  the  methyl 
methacrylate  gave  lower  strength  increases.  The  presence  of  polymer  in  the 
coarse  capillary  structure  increases  the  shear  strength  over  untreated  wood, 
the  greater  the  amount  of  polymer  in  the  wood  the  greater  the  increase.  The 
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e  of  polymer  also  has  an  effect  on  the  shear  strength  of  the  composi te^(424 ) . 
irradiated  control  containing  no  polymer  was  included  in  the  series  but  no 
nil i cant  differences  were  found  between  it  and  untreated  wood.  Presumably 
[dose  rate  was  too  low  to  damage  the  wood  (see  423).  Polymerisation  with 
,hyi  methacrylate  was  found  to  increase  ‘he  hardness,  compression  strength 
I  bending  strength  of  beech  wood  and  reduce  the  swelling  in  water  to  60 %  of 
t  of  untreated  wood  (425).  The  authors  found  pure  methyl  methacrylate  to 
e  better  results  than  methyl  methacrylate  with  carbon  tetrachloride  or  methanol 
ed  (see  414).  Measurements  of  the  same  properties  but  using  methyl  metha- 
late  and  styrene  in  pine  and  other  woods  gave  similar  results.  The  resistance 
decay  fungi  was  also  measured  and  found  to  be  greater  than  that  of  untreated 
>d  (426).  °S tudies  of  the  dynamic  mechanical  behaviour  of  birch  impregnated 
;h  polymethyl  methacrylate  over  a  range  of  temperatures  have  shown  it  to  be 
tsitive  to  residual  moisture  especially  at  low  temperatures.  The  impreg- 
:ion  decreased  the  elastic  modules  of  the  wood  and  gave  a  dynamic  mechanical 
ïctrum  having  features  in  common  with  that  of  polymethylmethacrylate  and  that 
untreated  wood  (428).  The  dimensional  stability  of  loblolly  pine  and  yellow 
)lar  impregnated  with  polystyrene  acrylonitrile  was  found  to  be  much  greater 
m  that  impregnated  with  methyl  methacrylate  (429).  This  was  attri- 
ted  to  the  swelling  during  treatment  of  2-7%  thus  creating  a  bulking  action, 
jt  results  were  given  by  50%  loadings,  higher  loading  caused  shrinkage  stresses 
irinkage  1.5 %  during  treatment)  which  led  to  swelling  when  subsequently 
Dosed  to  moisture  (see  409-413).  A  comparison  of  the  physical  properties  of 
liation  and  chemically  cured  wood  polymer  composites  has  shown  that  there  is 
ry  little  difference  between  them.  Peroxide  curing  is  said  to  be  satisfactory 
c  small  pieces  but  larger  ones  heat  up  causing  damage,  retarding  chemicals  can 
u-ed  to  reduce  the  likelihood  of  this  occurring.  The  composites  are  said  to 
not  weatherproof;  the  surface  drying  and  shrinking  more  rapidly  than  the 
terior  loosens  the  fibres  and  combined  with  the  bleaching  of  unimpregnated 
od  fibres  leaves  the  surface  bleached,  fuzzy  and  grey  after  only  a  few 
nths.  During  polymerisation  window  frames  were  said  to  warp  badly  and  excess 
terial  to  be  required  to  allow  for  final  machining  to  shape  to  correct  the 
stortion  (430).  Other  authors  have  not  mentioned  these  defects  which  must 
pend  on  the  polymer  chosen  and  the  method  of  treatment.  The  thermoplastic 
aracter'of  the  polymers  gives  trouble  when  a  wood  polymer  composite  is  sanded 
ring  processing  (and  may  be  partly  responsible  for  the  poor  weathering 
ntioned  above).  The  incorporation  of  1$  of  1,3  butyl  dimethacrylate  or 
vinylbenzene  copolymerised  with  the  methyl  methacrylate  used. as  the  main 
lymer  raises  the  melting  point  of  the  polymer  and  makes  sanding,  drilling  and 
ming  much  easier  (431  ) .  A  technique  for  impregnation  of  wood  with  vinyl 
nomers  has  been  described.  Most  of  the  monomer  penetration  was  shown  to  be 
the  early  wood  where  the  hardness  was  increased  by  50%  as  against  10%  for 
.te  wood  (432).  Work  on  the  antishrink  efficiency  of  Southern  pine  impregnated 
th  polyvinyl  chlorides  and  polymethyl  methacrylates  has  shown  that. the  high 
litial  values  fall  considerably  during  prolonged  soaking.  This  indicates  that 
ipregnation  although  reducing  the  rate  of  swelling  confers  no  permanent  stability, 
tere  is  not  a  relevant  test  for  museum  objects  which  will  not  be  subjected  to 
)aking  for  several  hours.  A  university  thesis  (433)  discusses  a  method  of 
'edicting  the  properties  of  a  given  wood  plastic  composition  from  the  corres- 
mding  properties  of  the  wood  and  the  polymer  determined  separately.  The 
lalysis  was  carried  out  for  uniform  soft  textured  softwoods  where  a  physica 
Ddel  of  an  infinite  matrix  with  regularly  spaced  elliptical  voids  could  be 
3ed.  The  extension  of  the  method  to  other  types  of  wood  is  outlined. 

1e  absorption  of  a  variety  of  liquids  into  small  dry  samples  of  Pinus  radiata 
^ter  immersion,  with  or  without  ultrasonic  radiation  (40KHz)  was  measured. 

Dn  polar  liquids  such  as  paraffins  and  aromatic  hydrocarbons  showed  no  increase 
1  capillary  penetrati on  but  straight  chain  hydrocarbons  with  hydrophilic  groups 
specially  when  diluted  with  water  showed  increased  penetration  when  ultrasonic 
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waves  were  applied.  The  authors  attribute  the  increase  m  penetration  using 
supersonic  waves  to  the  formation  of  minute  bubbles  by  the  supersonic  rea 
ment,  thus  making  de-gassing  easier  and  quicker,  and  conclude  .hat  in  fiel<  o 
where  rapid  and  thorough  impregnation  of  wood  by  liquids  is  required  super 
sonic  waves  can  aid  the  process  and  be  of  practical  use  1 434 1  - 


Catalyst  -polymerisation 


The  percentage  resin  loading  obtained  in  a  large  range  of  different  woods 
using  a  low  viscosity  solution  of  polymethyl  methacrylate  in  methyl  methacry¬ 
late  monomer  has  been  measured  using  peroxide  catalyst  and  heating  to  50  bO  C. 
Ihe  physical  and  mechanical  properties  of  various  polymer  wood  combinations 
have  been  measured  and  compared  with  untreated  woods.  Experience  m  _ ne 
production  of  polymer  wood  by  catalyst  polymerisation  has  been  summarised  for 
commercial  production,  cost,  improvement  in  properties  per  percentage  volume 
0r  plastic  etc.  Birch  and  beech  are  considered  to  be  the  best  species  for 
impregnation,  conifers  to  be  the  least  suitable  (435).  Thermocatalytic  poly 
merisation  of  styrene  and  acrylonitrile  (o0:¿0  combination)  in  the  cel 
cavities  of  wood  without  grafting  has  been  shown  to  give  similar  retention  / 
weight,  dimensional  stability,  hygroscopic ity  and  hardness  to  similar  compounds 
produced  by  radiation  polymerisation  (436).  Styrene  polymerised  in  wood  by 
heating  to  give  a  28$  increase  in  wood  density  has  been  shown  to  give  a  swellin 
decrease  of  75$  compared  with  untreated  wood  (437).  Static  bending,  compressio 
and  toughness  tests  for  wood  (basswood)  impregnated  with  methyl  methacrylate^ 
polvmerised  by  a  catalyst  heat  technique  showed  its  strength  values  to  be  2^ 
^greater  than  undated  controls.  fte  polymer  filled  71$  of  the  voids  out 
of  a  possible  maximum  of  79$  (the  monomer  evaporates  during  polymerisation 
reducing  the  theoretical  100$  filling  of  voids  to  79$  (438).  Munnikendam 
(439)  has  reported  a  way  of  reducing  the  evaporation  of  monomer  during  curing 
by  immersing  the  treated  specimen  in  water  or  glycerol  made  into  a  gel  wi 
starch,  kaolin  or  carboxyme thyl  cellulose  during  polymerisation  with  organic 
peroxides.  94$  monomer  retention  was  obtained,  a  slight  retraction  of  the 
polymer  into  the  surface  meant  that  there  was  no  visual  change  in  the  treated 
wood.  If  more  surface  hardness  was  needed  a  treatment  with  polymethylm 
crylate  in  acetone  or  soluble  nylon  in  ethanol  was  used  after  the  impregnation 
poymerisation  procedure.  Hot  water  extraction  of  the  wood  before  treatment 
was^ound  to  increase  the  degree  of  graft  polymerisation  between  styrene  and 
wood,  tte  wood  extractives  were  considered  to  act  as  retarders  by  inhibiting 
decomposition  of  the  peroxide  catalyst  used.  These  experiments  were  carr  d 
out  on  wood  fibre  and  flakes,  the  method  of  extracting  with  hot  water  “e 
treatment  might  not  be  possible  for  larger  pieces  of  wood  (440).  Kenaga 
reduces  loss  of  monomer  by  using  high  boiling  stvrene  type  monomers  (viny 
toluene  and  t-butyl styrene  and  monochlorostyrene )  144  )• 


If  treatment  with  monomers  were  to  be  used  on  museum  objects  the  creep  and 
.  -relaxation  of  the  wood  plastic  combination  produced  might  be  importan  . 

^  j-  -t-«  on  /_0  fiO  80 rfo  of  its  short  term  bending  strength 

to  loads  corresponding  to  20,  40,  bU,  öU7°  03¡.1La  a  ,  elastic  was 

for  periods  up  to  96  hours.  The  creep  compliance  of  the  wood  plastic  was 

35-55$r°f  that  of  natural  wood  and  10-22$  of  that  of  the  pure  polymer 

Increase  in  resistance  to  stress  relaxation  of  the  wood  polymer  w  .  3 

increase  .  ¿  d  d  200-400^  that  of  the  pure  polymer.  The  wood 

1"e3‘fr  and  have  a  Sgh  modulus  of  elasticity,  the  pure  polymer  has 

interaction  o,  Jnth  “  "S’Sne 
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tec  relaxation.  This  suggests  that  wood  plastic  composites  as  well  as 
ng  less  Ider  humidity  changes  than  natural  wood  will  also  move  less 

r  stress  (442). 


>ur  phase  treatments 

■view  (443)  describes  the  impregnation  of  wood  with  chemicals  in  the  gaseous 
,e  as  having  the  advantage  of  high  transport  rate  and  much  more  even  distri- 
on  than  liquid  treatments.  However  large  quantities  of  material  canno 
■ributed  rapidly  as  the  use  of  gaseous  methods  will  probably  be  limited  o 
testions  requiring  only  a  small  quantity  of  chemicals  evenly  distributed 
tgh  the  wood  substance.  Gas  phase  polymerisation  has  the  advantage  of 
-ing  polymer  on  and  within  the  cell  walls  where  it  condenses  without 
Linf  the  lumens  and  vessels  and  therefore  the  weight  increase  will  be  much 
than  that  for  liquid  methods  and  there  will  be  no  bulking.^  ugges  e 
trials  are  polypropylene  oxide  which  is  hydrophobic  and  chlorinated  poly 
rivlene  a  rigid  crystalline  film  former  which  might  form  a  homogenous  coat 
the  cell  wal£  thereby  limiting  moisture  sorption  and  swelling  and  giving 
bility*1  Formaldehyde^  also  a  possibility  when  used  with  a  weak  base  or 
ne  as  a  catalyst  and  not  an  acid  which  would  embrittle  the  wood. 
ortance  of  selecting  the  right  imprégnant  and  impregnation  method  to  give 
required  properties  to  the  wood  polymer  composite  is  stressed. 

, ^  -t-rpotnient  followed  by  hydrochloric  acid  gas  as  catalyst  was 

nd  tfïeadSto  rtrövelent  ri  dimensional  stability  due  to  the  formation 
cherical  bonds"  "  hydroxyl  groups  in  the  wood.  Even  normally  -Pfahle 
:ds  could  be  treated  but  some  embrittlement  of  the  wood  occurred  due  o 
ion  of  the  acid  catalyst  (444).  Impregnation  of  beech  wood  with tannin_ 

^entntreataentrwithtgaseous  ?ômaïd!h^e  a t°130°ce caused  a  further  reduction 
ai  upt^e  o'  chemicals.  Dimensional  stability  can  be  forth»  improved  by 

:  sr  i- «£•■>  ««  «•••»• 

;  ÄS  ™"  ÄTSStSK  SSS.-ÎÎ  SV525T.S-; 

;abilisation  of  wood  except  the  tannin  formaldehyde  treatment  (see  444,445, 

-6  )  • 

'hydride3  treatment  "hich^replaces^hydroxyl^group^on'the^cellulos^molecule 

twdfl ce tvl  groups)  wood  was  tested  in  the  water  saturated  condition,  the 

riue^fifrefe^rumfer^^ 
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relaxation.  This  work  was  carried  out  to  study  the  Behaviour  of  the  hydroxyl 
groups  in  wood  rather  than  to  stabilize  wood  by  acetylation  (447).  'The  treat¬ 
ment  of  wood  with  acetic  anhydride,  butyl,  allyl,  t-butyl  and  phenyl 
isocyanates  under  various  conditions  of  time,  temperature  and  moisture  showed 
that  acetic  anhydride  and  butyl  isocyanate  improve  the  dimensional  stability 
of  the  wood  giving  60%  antishrink  efficiency.  Dimethylf ormaldehyde  (DMFJ 
increased  the  reaction  rate  with  acetic  anhydride  and  DTCE  or  another  swelling 
agent  in  which  butyl  isocyanate  is  soluble  was  found  to  be  necessary  to  get 
good  results  with  this  material.  The  treated  wood  retained  80%  of  the 
toughness  and  abrasion  resistance  of  the  untreated  wood  (448).  Di-isocyanate 
uptake  into  pine  and  beech  timbers  was  found  to  decrease  with  increasing 
moisture  content.  Hardening  of  the  di  isocyanate  occurs  through  reaction  with 
water  in  the  cell  wall  forming  polyurea  and  not  with  the  hydroxyl  groups  in  the 
wood.  The  treatment  caused  shrinkage  of  the  wood  material  initially  (449). 
Beech  wood  dried  by  the  WAN  (Water  alcohol  non-polar  substance)  method,  in  this 
case  methanol/pentane,  in  such  a  way  that  it  retains  its  swollen  dimensions 
corresponding  to  7-12#  moisture  content  although  the  water  has  been  removed, 
takes  up  35#  more  toluene  2:4  di  isocyanate  than  wood  dried  normally.  Part  of 
the  di  isocyanate  penetrates  the  cell  walls  and  lorms  chemical  links  with  the 
wood  substance  (no  water  present  so  not  the  same  as  ref  (449)  giving  35%  improve¬ 
ment  in  dimensional  stability  in  the  water  soaked  condition  and  higher  anti¬ 
shrink  efficiencies  in  alternating  humidity  conditions  eg:  50%  at  34  97/ ° 
oscillations.  The  better  results  obtained  in  these  than  in  previous  experiment 
was  thought  to  be  due  to  penetration  of  monomer  into  the  cell  wall  and  it  is 
planned  to  apply  this  process  to  other  monomers  (450).  Ethylene  oxide  vapour 
with  trime thylamine  as  catalyst  has  been  shown  to  reduce  the  hygroscopici ty 
of  Southern  pine  wood,  high  antishrink  efficiencies  were  obtained  with  low 
polymer  loading.  Vinylchloride  treatment  was  not  so  successful.  An 
oscillating  pressure  technique  was  found  to  give  better  penetration  than 
constant  pressure  treatment  (55). 


Impregnation  with  synthetic  resins  and  other  material 


In  general  these  substances  fill  only  the  voids  in  the  wood  and  do  not  pene¬ 
trate  the  fibres  or  cell  walls.  They  do  not  fall  into  any  of  the  4  classes 
described  by  Laidlaw  (see  p 33.  and  our  Amsterdam  report  1969  (400 ))  although 
some  bulking  may  take  place.  Elizabeth  Packard  reviews  the  methods  that  have 
been  used  to  consolidate  decayed  wood  sculpture  and  discusses  their  re*a  ave 
merits.  Experiments  have  shown  that  wax  darkens  the  wood,  must  be  applie 
hot  and  gives  poor  glueing  and  paint  reattachment  after  treatment;  Xylamon  has 
good  penetration  but  darkens  the  wood;  Saran  polyvinyl  chloride  -  aery  oni 
trile)  is  difficult  to  dissolve  or  redissolve  and  the  solvents  for  it  attack 
paint,  it  is  best  used  on  a  smooth  surface;  as  a  moisture  barrier  than  as  a 
void  filler.  Acryl oid  B72  and  soluble  nylon  because  they  must  be  applied  m 
dilute  solutions  give  considerable  weight  loss  after  treatment  due  o 
evaporation  of  solvent;  epoxy  resin  (Clit  Rot)  hardens  too  fast  to  penetrate 
large  cross  sections  but  penetrates  end  gram  and  is  drawn  m  by  capillary 
action,  it  is  irreversible  and  as  yet  untested  on  polychrome  sculpture. 
Practical  examples  are  given  of  the  impregnation  of  wood  sculptures  with  wax/ 
resins  and  of  impregnation  with  Xylamon  XL  using  the  infusion  (drip  5°U| 

hollow  needles)  method  used  in  Austria  (452).  In  a  review  of  the  methods  of 
conservation  of  wood  in  old  buildings  methacrylates,  polyvinylacetates  poly 
styre^I  and  Vinoflex  (vinyl  chloride  copolymer)  are  suggested  for  consolidât! o. 
o/decayed  wood  (453).  Poly vinvylace täte  and  methacrylates  are  mentioned 
the  new  edition  of  Dr  Plenderleith' s  book  but  he  points  out  the  disadyant  g 
of  having  to  apply  many  coats  of  dilute  solutions  to  get  good  penetration  and 
thenallowing  the  solvent  to  dry  out.  When  epoxy  or  polyester  resins  which 
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a in  no  solvent  are  used  no  such  problem  arises.  The  use  of  wax  resins  as 
olidants  and  the  method  of  impregnating  wood  sculpture  with  them  is  des- 
ied  (454). 

resin  impregnation  is  often  used  for  wood  sculpture  especially  when  worm 
uge  has  opened  up  the  wood  structure  so  that  the  wax  can  penetrate. 

¡s  Balles trem  has  described  its  use  on  a  XIVth  polychrome  sculpture  (.455;* 
bibliography  of  polychrome  sculpture  gives  references  to  examples  of  the 
lervation  of  such  sculptures  where  waxes  and  synthetic  resins  have  been 
[  (456).  Marconi  (457)  also  discusses  the  technical  problems  of  the  con¬ 
ation  of  polychrome  sculpture  and  gives  examples  of  treatment  which  has 
1  carried  out.  A  microcrystalline  wax  and  resin  5:2  mixture  was  used  to 
?egnate  a  wooden  image  from  Nepal  made  of  Himalayan  ash  which  had  been 
icked  by  insects  and  was  spongy  and  fragile  (458).  Beeswax  was  used  to 
it  a  tempera  painting  on  wood  where  sodium  silicate  had  previously  been 
I  unsuccessfully  and  could  not  be  removed.  The  lime  panels  were  infused 
1  beeswax  to  protect  them  against  the  high  response  to  humidity  induced  by 
old  treatment  (459).  Christensen  (407)  has  suggested  that  a  method  used 
waterlogged  wood,  dehydration  with  tertiary  butanol  and  then  impregnation 
1  wax  in  a  solyent  could  also  be  used  for  sound  wood  but  says  that  the 
3sit y,  when  dry,  of  sound  and  previously  waterlogged  wood  are  very  different, 
2r logged  wood  being  much  mors  porous  than  sound  wood. 


f essor  Caprara  has  used  an  acrylic  resin  Paraloid  B72  (Acryloid  B72)  to 
régna te  decayed  wooden  objects  (460,461 ).  Mihailov  has  also  used  Paraloid 
for  impregnating  wood.  He  mentions  also  as  possible  consolidants  Calaton 
oluble  nylon,  polyvinyl  acetate  and  Xylamon  LX.  Some  of  these  may  have 
n  used  as  coatings  rather  than  imprégnants  (462).  Xylamon  LX  and  Paraloid 
solutions  have  been  used  either  injected  into  holes  in  the  wood  or  brushed 
The  penetration  of  these  materials  was  measured  by  X  ray  photography, 
solidation  with  beeswax  and  rosin  and  beeswax  rosin  and  polyethylene  glycol 
tures  were  found  to  give  good  results  on  wood  damaged  by  fire  but  were 
so  good  as  Paraloid  F72  (465).  Austrian  workers  have  described  their 
usion  method  using  hollow  needles  tubes  and  clamps  to  feed  the  material 
wly  into  many  holes.  Careful  adjustment  of  the  rate  of  the  drip  feed  is 
ential  the  position  of  the  needles  must  be  changed  often  and  any  leakage 
,m  the  needle  holes  wiped  off  immediately  so  that  it  does  not  stain  the 
-face.  The  complete,  deep  impregnations  obtained  have  been  very  satis- 
:tory.  Comparisons  with  other  resin  and  wax  treatments  are  given.  A  new 
-serva tive  and  hardener  yet  commercially  available  is  mentioned  which  gives 
is  darkening  of  the  wood  than  Xylamon  (464). 


wijks  recommends  a  low  viscosity  epoxy  resin  Araldite  CY2/9  in  preference 
ither  synthetic  resins  for  the  hardening  of  rotten  wood  sculpture  and  the 
5ls  of  panel  paintings  (465).  In  Czechoslovakia  an  epoxy  resin  Epoxyd  1200 
been  used  to  consolidate  a  polychrome  sculpture  (466).  Vmoflex  MP400 
nyl  chloride  copolymer  resin  made  by  BASF  was  used  to  impregnate  17th 
niry  oak  carvings  using  a  vacuum  impregnation  method  8. years  ago;  the 
rings  are  said  to  be  still  in  perfect  condition.  Physical  tests  showing 
improvement  in  properties  of  treated  over  untreated  wood  are  given  m  the 
^rt  (467)  Polyvinyl  acetate  was  used  as  a  consolidant  for  a  Japanese 
len  sculpture  with  original  gesso  and  gold  leaf  in  the  Baroda  Museum  (468). 
wooden  portions  of  turquoise  covered  masks  were  impregnated  with  a  syn- 
tic  resin  to  consolidate  them.  Unfortunately  the  type  of  synthetic  resin 
10t  mentioned  (469). 
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Vacuum  impregnation  of  Douglas  fir,  Fuma  and  Lauan  timbers  with  aqueous  polyure¬ 
thane  resins  (Nopcothanes)  of  low  viscosity  and  high  solids  content  was  found 
to  give  good  dimensional  stability  after  curing  at  300-325°F,  green  timber 
gave  better  results  than  dry  timber.  The  effectiveness  of  the  treatment  was 
found  to  vary  considerably  with  the  species  of  timber  used.  This  treatment 
would  probably  be  of  more  use  in  the  waterlogged  wood  field  than  that  of  dry 
wood.  For  dry  wood  the  swelling  due  to  using  aqueous  solutions,  darkening  of 
colour  during  the  high  temperature  curing  and  differences  between  species, 
where  often  an  object  is  made  from  several  different  species  used  together, 
could  make  it  difficult  to  use  these  resins  (470 ). 

Epoxy  prepolymers  were  used  by  Erika  Schaffer  to  consolidate  decayed  softwoods. 
Impregnation  with  the  epoxy  prepolymer  dissolved  in  glycidyl  ether  and  toluene 
and  subsequent  polymerisation  in  situ  was  found  to  cause  practically  no 
expansion  of  the  wood  in  contrast  to  polyvinyl  acetate  in  alcohol  solution. 
Because  the  treatment  does  not  cause  swelling  or  shrinkage  it  causes  no  stress 
to  the  wood  material  or  any  paint  coating  which  may  be  present.  The  epoxy 
prepolymer  has  low  viscosity  and  does  not  need  long  impregnation  times,  vacuum 
impregnation  or  injection  as  do  other  resins  and  can  applied  by  brushing. 

The  dejfth  of  penetration  of  the  resin  can  be  varied  as  required.  Polymeri¬ 
sation  of  the  epoxy  in  situ  gives  good  mechanical  strength  and  dimensional 
stability.  These  materials  sound  like  the  ideal  consolidants  for  museum  use, 
experiments  with  similar  materials  are  being  carried  out  at  the  Victoria  and 
Albert  Museum  with  help  from  Miss  Schaeffer  and  no  doubt  other  conservators 
are  also  examining  them  (471 ). 

Where  these  materials  fill  the  voids  only  and  do  not  impregnate  the  wood  fibres, 
or  penetrate  the  cell  walls  or  react  chemically  with  the  wood  substance,  there 
may  be  a  danger  of  creating  a  stress  situation.  This  would  arise  from  having 
in  the  matrix  of  a  wood  object  a  substance,  synthetic  resin,  which  does  not 
move  like  wood  in  response  to  humidity.  The  wood  substance,  being  unmodified 
by  the  presence  of  the  resin,  will  continue  its  movement  in  response  to 
humidity  changes  and  if  it  is  restricted  in  this  movement  by  the  solid  bulk  of 
the  resin  stress  will  be  caused.  It  may  be  that  the  wood  fibre  is  so 
surrounded  and  coated  with  resin  that  it  will  be  unaffected  by  humidity 
changes  but  few  resins  provide  a  complete  barrier  to  the  movement  of  moisture 
vapour. 
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